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10 METHODS AND COMPOSITIONS FOR VACCINATION AGAINST HIV 



15 Field of the Invention 

This invention relates to methods for the use of the Human 
Immunodeficiency Virus, or HIV, envelope (env) polypeptides, especially the 
preparation and use of HIV env variants and antibodies to HIV env . in the 
20 vaccination and treatment of HIV-infected patients. 

Background of the Invention 

Acquired immunodeficiency syndrome (AIDS) is caused by a retrovirus 
25 identified as the human immunodeficiency virus (HIV). A number of 

immunologic abnormalities have been described in AIDS including abnormalities 
in B-cell function, abnormal antibody response, defective monocyte cell function, 
impaired cytokine production, depressed natural killer and cytotoxic cell function, 
and defective ability of lymphocytes to recognize and respond to soluble antigens. 
30 Other immunologic abnormalities associated with AIDS have been reported. 

Among the more important immunologic defects in patients with AIDS is the 
depletion of the T4 helper/inducer lymphocyte population. 

In spite of the profound immunodeficiency observed in AIDS, the 
35 mechanism(s) responsible for immunodeficiency are not clearly understood. 

Several postulates exist. One accepted view is that defects in immune 
responsiveness are due to selective infection of helper T cells by HIV resulting in 
impairment of helper T-cell function and eventual depletion of cells necessary 

c633.ap 1 



for a normal immune response. In vitro and in vivo studies showed that HIV can 
also infect monocytes which are known to play an essential role as accessory cells 
in the immune response. HIV may also result in immunodeficiency by interfering 
with normal cytokine production in an infected cell resulting in secondary 
immunodeficiency as for example, IL- 1 and IL-2 deficiency. An additional means 
of HIV-induced immunodeficiency consists of the production of factors which are 
capable of suppressing the immune response. None of these models resolves the 
question of whether a component of HIV per se, rather than infection by 
replicative virus, is responsible for the immunologic abnormalities associated with 
AIDS. 

The HIV env protein has been extensively described, and the amino acid 
and RNA sequences encoding HIV env from a number of HIV strains are known 
(Modrow, S. et al., J. Virology 61.(2): 570 (1987). The HIV virion is covered by a 
membrane or envelope derived from the outer membrane of host cells. The 
membrane contains a population of envelope glycoproteins (gp 160) anchored in 
the membrane bilayer at their carboxyl terminal region. Each glycoprotein 
contains two segments. The N- terminal segment, called gp!20 by virtue of its 
relative molecular weight of about 120kD, protrudes into the aqueous environment 
surrounding the virion. The C- terminal segment, called gp41, spans the 
membrane. gpl20 and gp 41 are covalently linked by a peptide bond that is 
particularly susceptible to proteolytic cleavage, see e.g. McCune et al., EPO 
Application No. 0 335 635, priority 28 March 88 and references cited therein. 

Several approaches to an AIDS vaccine have been proposed, including 
inactivated and attenuated virus vaccines, subunit vaccines from virus -infected 
cells, recombinantly produced viral antigens, vaccines based on synthetic peptides, 
anti- idiotypic vaccines, and viral carrier-based vaccines, however no vaccination 
study published to date has provided protection against challenge with virus. 
Several reviews of HIV vaccine development have been published, e.g. Lasky, 
Critical Reviews in Immunology 9(3): 153-172 (1989), Newmark, Nature 333:699 
(23 June 23 1988), and Fauci et al., Annals of Internal Medicine 1 10(5): 41-50 (1 
March 1989). 

The use of whole (killed or attenuated) virus presents several problems, 
including the safety to workers producing the vaccine, and risk to those inoculated 
from incomplete inactivation of virus, or reversion of an attenuated virus to an 
active, virulent form. Both peptide and subunit vaccines could potentially have 
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difficulty in obtaining their native conformations, and may only elicit humoral 
responses, perhaps not eliciting cell-mediated immunity. Another key difficulty 
in developing an AIDS vaccine lies in the variability of HIV from strain to strain, 
as well as in the same strain over time. 

Of the proteins encoded by the HIV genome, the molecules most 
frequently used for vaccine development are located on the surface of the virus. 
They mediate virus attachment and the spread of the virus by cell-to-cell fusion 
(syncytia formation) and are the viral proteins most accessible to immune attack. 
Currently, g P 120 is considered to be the best candidate for a subunit vaccine, 
because: (i) gpl20 is known to possess the CD4 binding domain by which HIV 
attaches to its target cells, (ii) HIV infectivity can be neutralized in vitro by 
antibodies to gp 120, (Hi) the majority of the in vitro neutralizing activity present 
in the serum of HIV infected individuals can be removed with a gpl20 affinity 
column, and (iv) the gpl20/g P 41 complex appears to be essential for the 
transmission of HIV by cell-to-cell fusion. 

Vaccination of animals of several species with recombinant vectors that 
express HIV env are described in the literature. These vaccination attempts 
elicited strain-specific humoral immune responses as well as cell-mediated 
responses (see e.g. Van Eendenburg et al., AIDS Research and Human Retroviruses 
5(l):41-50 (1989); Hu et al., Nature 320:537-540 (1986); Chakrabarti et al., Nature 
320:535-537 (1986); Zarling et al., Nature 323:344-346 (1986); Hu et al., Nature 
328:721-724 (1987); Zagury et al., Nature 326:249-250 (1987); Zagury et al., Nature 
322:728-731 (1988). 

Chimpanzees are the only nonhuman primate infectable with HIV and 
therefore they are the closest-to-human animal model system for vaccine- 
challenge study. Despite the promise suggested by the immune responses discussed 
above published vaccine studies have all failed to protect chimpanzees from 
infection by HIV (see e.g. Hu et al., Nature 328:721-724 (1987) (vaccinia virus- 
HIV env recombinant vaccine); Arthur et al., J. Virol. 63(12): 5046-5053 (1989) 
(purified g P 120); Berman et al., Proc. Natl. Acad. Sci. USA 85:5200-5204 (1988) 
(recombinant envelope glycoprotein gpl20); and Prince et al., Proc. Natl. Acad. 
Sci. USA 85:6944-6948 (1988) (purified human HIV immune globulin). 

The Simian Immunodeficiency Virus (SIV) is a Antivirus which is 
indigenous to healthy African monkeys; SIV is the animal lentivirus most closely 
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related to HIV. Letvin et al.. Vaccines 87, Cold Spring Harbor Lab 209-213 (1987) 
discloses an unsuccessful attempt to immunize macaque monkeys against SIV using 
an inactivated virus vaccine. Desrosiers et al., Proc. Natl. Acad. Sci. USA 86:6353- 
6357 (1989) reported protection of two of six macaque monkeys against SIV by 
immunization with a detergent-disrupted whole virus SIV vaccine. Murphey- 
Corb et al., Science 246:1293-1297 (1989) disclose protection of eight of nine 
rhesus macaques against a SIV challenge by vaccination with a formalin- 
inactivated SIV whole virus vaccine. 

It is therefore an object of this invention to provide vaccines capable of 
eliciting a protective immune response against HIV infection. 

It is a further object of this invention to provide methods for preparing 
such HIV vaccines, and appropriate immunization schedules for the prevention and 
15 treatment of AIDS. 

Other objects, features, and characteristics of the present invention will 
become apparent upon consideration of the following description and the appended 
claims. 

Summary of the Invention 

The objects of this invention are accomplished by the preparation and 
administration an HIV antigen preparation which is suitable for administration to 
a human or non-human primate patient having or at risk of having HIV infection, 
in an amount and according to an immunization schedule sufficient to induce a 
protective immune response against HIV. 

The vaccines of this invention may be administered alone or in 
combination with other HIV antigens, and in one or several immunization doses. 
Preferred immunization schedules are described, which generally provide for 
infrequent immunizations spaced at relatively long intervals, particularly a series 
of three or more inoculations administered over a period of one to two or more 
years. 

This invention is particularly directed to vaccines comprising the HIV 
gnv polypeptides g P 120 and/or gp 160 which have a proteolytic clip site but have 
not been proteolytically cleaved at that internal clip site. This clip site of HIV env 
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is believed to be located between amino acid residues 315-316 of the gpl20 of the 
HIV strain described in EP 187,041 A, commonly known as IIIB, or the equivalent 
region of other HIV strains. 

HIV env preparations which are devoid of material containing the 
internal clip site are useful in vaccines for immunization against HIV infection. 
This undipped HIV env polypeptide, including variant analogues thereof, is also 
useful in diagnostic assays for HIV neutralizing antibody in patient samples. 

Methods of preparation of undipped gp!20 and gpl60 are provided. In 
some embodiments, fermentation processes are provided, comprising expression of 
gpl20 in mammalian cell culture, grown in media which has reduced or absent 
fetal calf or bovine serum; these fermentation methods encourage expression ad 
recovery of undipped HIV env polypeptides. Methods of preparation of the 
vaccines of this invention are also disclosed. 

Monoclonal antibodies are provided which are characterized by their 
affinity for ligand, epitope binding, and ability to a) block CD4/gpl20 binding, 
b) neutralize HIV virions, c) reduce reverse transcriptase activity in vitro, and d) 
inhibit syncitia formation. In particular embodiments, monoclonal antibodies are 
provided that are specific for the region of gpl20 which contains the internal clip 
site. These antibodies are useful as diagnostics for the presence of HIV infection 
in a patient or patient sample, and for affinity purification of undipped gpl20 or 
gpl60. These antibodies are also useful in passively immunizing patients infected 
with HIV. 

Antibodies directed to epitopes which span this clip site have been 
described in the literature; however, it should be noted that, due to the variety and 
confusion among authors currently as to numbering systems for HIV env 
sequences, not all antibodies described in the literature as directed to regions 
including amino acids 315-316 will actually span the clip site defined herein (see 
e.g. Matsushita et al., J. Virol. 62:2107-21 14 (1988); EPO Application No. EP 339 
504; Rusche et al., Proc. Natl. Acad. Sci. USA, 85:3198-3202 (1988); Looney et al.. 
Science 241:357-359 (1988); 

In certain embodiments, antibodies are provided which are capable of 
at least partially blocking the bonding of recombinant gpl20 to the T4 cell surface 
marker CD4. In other embodiments, antibody is provided which is at least 
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partially capable of blocking syncytia formation between HIV-infected 
uninfected cells and/or blocking reverse transcriptase activity. 



Brief Description of the Drawings 

FIGURE 1 is a schematic representation of gp 120 showing disulfides 
and glycosylate sites. Roman numerals label the five disulfide-bonded domains. 
The five hypervariable regions of Modrow et al., J. Virol. 61:570-578 (1987) are 
enclosed in boxes and labelled VI- V5. Glycosylation sites containing, high 
mannose-type and/or hybrid-type oligosaccharide structures are indicated by a 
branching-Y symbol, and glycosylation sites containing complex-type 
oligosaccharide structures are indicated by a V-shaped symbol. The clip site is 
designated by an arrow. 

FIGURE 2 shows the amino acid sequences of (a) the mature HIV env 
glycoprotein gpl20 from the IIIB isolate of HIV-1, and (b) the N-terminal 
sequence portion of the recombinant fusion glycoproteins (9AA or CL44) from the 
herpes simplex virus protein gDl. Fusion sites between the gDl and gp^O 
segments in the 9AA and CL44 constructions are marked with (*) and (**), 
respectively. The letter T refers to observed tryptic cleavage of the gp 120 
segment, and the peptides are ordered sequentially starting at the N-terminus of 
the molecule. Lower case letters following the T number indicate other 
unexpected proteolytic cleavages. The letter H refers to the observed tryptic 
cleavage of the herpes simplex gDl protein portion of CL44. Peptide T2' contains 
the fusion site in CL44. The cysteine residues of gpl20 are shaded, and potential 
N-linked glycosylation sites are indicated with a dot above the corresponding Asn 
residue. 

FIGURE 3 depicts the composition of rgpl20 and sgpl60 immunogens 
used in the vaccination described in Example 1. 

FIGURE 3 A is a schematic representation of the HIV-1 glycoprotein 
precursor, gpl60, and the two variant gpl60 derived proteins, rgpl20, and sgpl60, 
used in the present study. Both proteins differ at the amino terminus from 
wild-type gpl60. In the rg P 120 protein, the signal sequence and 31 residues of 
gP 160 have been replaced with the signal sequence and 25 amino acids from the 
mature N-terminus of herpes simplex virus type 1 glycoprotein D (HSV-1 gD) 3 . 
In the sgpl60 protein, the signal sequence and 12 amino acids of gpl60 have been 
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replaced with the signal sequence and Q * m ;„„ ^ e 

of HSV-1 gD In addition the n , * ^ ^ m3tUre N -terminus 

in aaai "on, the normal gpl20/gn4i n rntPn | v .:„ n 

been removed by a deletion SDa „ n ;„ Proteolytic processing site has 

°y a deletion spanning amino acid residues 502-511. 

FIGURE 3B depicts silver-stained SDS p 4 rr • 
and sg P 160 under reducing and non 7 SDS " PAGE & of purified rg P 120 

glycoproteins were iJ^ZTT COndUi ° nS ' ^ 
immunoaffinity chromltoa^h 7 " ^ ^ ^ su P^tants by 

than 99% p U 8 Permeati ° n » greater 

v ior rgpi^o and greater than qsw. 

-on-reducing conditio. the *H0 ^ 
w« approximate* 50% dimer and higher oX „ olr Bot S8P,6 ° 

C-termina! fragment, while in sgpieol 2" gmen ' ^ 3 50 kD 

both of approximate* 75 k D O n SDS PAGE ,h 7"" * W ° 
redoing conditions because of d^fideT " " *"* 

«d 331 The ™,,n ' ng " eIWeen cysteine 296 

^ r SP' J ° Preparation contained less than 5 * „r «. , 

whereas approximate* 40% of the sgpiao was Ceaved. ^ C ' eaVed ^ 

corresponding ,osgp, 6 0% , To. 20 "D ba„ d KS,ed • 3 "° * D bMd 

wi.h 300 „ per dose of rg pl6 „ (x . 247 .^^^j"^ 

*. glycoprotein D(x , 46) , „ ^t:::: rd^: 

•ime points indLld !d ,h ^ " ' "•""'■•■•»■«*. 



All animals were challenged by intravenous injection of 40 TCID 50 units of 
HIV-1 at 35 weeks. The open and closed squares represent the rgpl20 immunized 
animals, x262 and x265 , respectively. The open and closed circles represent the 
rsgpl60 immunized animals, x247 and x261, respectively. The control animal, 
x246, is represented by the open triangles. 

FIGURE 6A illustrates detection of antibodies to rgpl20 by 
immunoprecipitation of 125 I-labeled rgpl20 in a liquid phase 
radioimmunoprecipitation assay. 

FIGURE 6B shows detection of antibodies to HIV-1 proteins using a 
commercial (Genetic Systems) HIV-1 antibody assay kit (ELISA). Measurements 
were carried out according to the manufacturers instructions. 

FIGURE 7 shows immunoblot analysis of sera from animals immunized 
with candidate HIV-1 vaccines. Sera from chimpanzees immunized with sgpl60 
(x-247, x-261), rgpl20 (x-262, x-265) or HSV-1 gD (x-246) were diluted and 
incubated with commercial (Dupont) immunoblot strips. The strips were 
incubated with alkaline phosphatase coupled goat anti-human IgG (Cappel) and 
developed with Phospharase substrate system obtained from Kirkegaard and Perry 
Laboratories. The data shown represent results obtained on the same day using the 
same lot of assay strips. Week 35 represents the time of challenge. The positive 
control consisted of serum from an HIV-1 infected individual. 

FIGURE 8 shows antibodies that neutralize HIV-1 infectivity in vitro 
and bind to the major type specific neutralizing determinant (MND). Open and 
closed squares represent sera obtained from the rgp!20 immunized animals 262 and 
265, respectively. The open and closed circles represent sera obtained from the 
rsgpl60 immunized animals, 247 and 261, respectively. The open triangle 
represent the control animal (x246). 

FIGURE 8A shows the in vitro neutralizing activity in sera from 
chimpanzees immunized with rgpl20 and sgpl60 in a neutralization assay similar 
to that described by Robertson et al, J. Virol. Methods 20:195-202 (1988). Diluted 
samples of serum were incubated with 100 TCID 50 units of virus (IIIB isolate) for 
60 minutes at 20 °C. The mixture was transferred to cell culture plates containing 
5 x 10* MT4 cells and incubated for 7 days. Virus lysis of infected cells was 
detected through the use of MTT as a vital stain. Neutralization assays were 
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carried out in duplicate. Variation between replicates was less than one dilution 
(twofold). Sera from HIV-1 infected and uninfected chimpanzees were used as a 
positive and negative controls and gave neutralizing titers of 1:640 and <1:10 
respectively. 

FIGURE 8B shows results of an ELBA assay to determine the relative 
concentration of antibodies reactive with the MND, where a synthetic pepude 
consisting of the sentence: NNTRKS1RKS1R.QRGPGRAFVTIGKIG and 
corresponding to amino acid residues 301 to 324 of gpUO from the IIIB .solate, 
was coated onto microtiter dish at a concentration of 2 M, per ml. After an 
overnight incubation a. 4"C, the coated wells were washed with phosphate 
buffered saline (PBS) containing 0.05% Tween 20 and treated with a blockmg 
buffer consisting of 0.8% bovine serum albumin in PBS. Each sample o 
chimpanzee sera serially diluted over a range of ,.0-to ,.0,240 and 100 ,1 
were incubated in the wells for 1.5 hr a. room temperature. The wells were then 
washed four times with PBS containing 0.05% triton X-100. Labeled horseradish 
peroxidase conjugated goat-antihuman IgG was incubated for 1 hr and the plates 
washed four times with PBS, 0.05% Triton X-100. Antibody bind.ng was md.cated 
by a change in the color after the substrate o-pheny.en=diamine 
was added. The colorometric reaction was stopped by the add.fon of 2 5M 
H 2 SO„ and the absorbance at 492 nm was measured in a plate read.ng 
spectrophotometer. 

p ar o;i 0 H rwrintion " f Invention 

HIV env is defined herein as the envelope polypeptide of Human 
immunodeficiency Virus as described above, together with its amino acid sequence 
variants and derivatives produced by covalent modification of HIV ^ : or i* 
variants in vitro, as discussed herein. As used herein, the term HIV ^ 
encompasses all forms of g P 120 and/or 160, e.g. including fragments, fu ions of 
g pl60/120 or their fragments with other peptides, and variantly glycosylated or 
"'glycosylated HIV env. The HIV env of this invention is recovered free of active 



virus. 



HIV env and its variants are conventionally prepared in recombinant cell 
culture. For example, see EP publication No. 187041. Henceforth, gp!20 prepared 
Z ecombinan, cel, culture is referred to as rgp!20. Recomb.nan. syn.hests 
preferred for reasons of safety and economy, bu, it is known to prepare pepfdes 
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by chemical synthesis and to purify HIV env from viral culture; such env 
preparations are included within the definition of HIV env herein. 

Genes encoding HIV env are obtained from the genomic cDNA of an 
HIV strain or from available subgenomic clones containing the gene encoding HIV 
env. Cell cultures encoding g P 120 of this invention have been deposited with the 
ATCC. 

This invention is directed to the HIV env polypeptides g P 120 or gpl60, 
and preferably g P 120, which have an internal cleavage site referred to herein as 
the "clip site" but which are not clipped at that site. These polypeptides .« 
referred to herein as "undipped HIV env", or more particularly "undipped gp!20 
or "undipped gpl60". The clip site is a basic or dibasic residue susceptible to 
proteolytic cleavage. 

As used herein, the term "clip site" does not refer to the cleavage site 
bridging g P 120 and gp41. but instead refers to a proteolytic clip site which is 
located in gp 120 of HTLV-IIIB between Arg- Ala or Arg-Val residues or between 
similarly situated residues in HIV strains currently common ********* 
and in Africa, and in SIV strains. See Stephens et al., Nature 343:219 (1990). 

As shown by the arrow in Fig.l, the clip site is located between amino 
acid residues 285-286 of the mature HIV-1 g P 120 amino acid sequence, not 
counting any signal sequence or other upstream regions. For gp!20 sequences 
which include the native HIV-IIIB N-terminal signal sequence, the clip site is 
found between residues 315-316; this numbering is used throughout this 
description to conveniently connote the residues at which the clip site is located, 
however it is understood that this invention is not limited to clip sites at those 
specific residue numbers. The same nucleotide and amino acid residue numbers 
may not be applicable in other strains where upstream deletions or insertions 
change the length of the viral genome and HIV env, but the region encoding ; this 
portion of g P 120 is readily identified by reference to the teachings herein. Also 
variant signal sequences (such as those resulting from a fusion ^»f»J-^ 
or heterologous signal sequence as discussed below may lead to a 
numbering, however the location of the clip site is discerned for all embodiments 
by reference to the location of the arrow indicated in Figure 1. 

Included within the scope of undipped HIV env as that term is used 
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herein are HIV enys having the amino acid sequences set forth in Fig. 1 or 2, 
deglycosylated or unglycosylated derivatives of undipped HIV env, homologous 
amino acid sequence variants of the sequence of Fig. 1 or 2, and homologous in 
v/rro-generated variants and derivatives of undipped HIV gnv, provided that all 
such variations do not interfere with the clip site, and which variants are capable 
of exhibiting a biological activity in common with the HIV env of Fig. 1 or Fig. 



2. 



Clipped or undipped HIV env or HIV env-f ragment biological activity 
is defined as either 1) immunological cross -reactivity with at least one epitope of 
clipped or undipped HIV env, or 2) the possession of at least one adhesive or 
effector function qualitatively in common with clipped or undipped HIV env. 
Examples of the qualitative biological activities of the HIV gnv include the ability 
of gpl20 to bind to the viral receptor CD4, and the ability of gpl20 to interact 
with gp41 to induce fusion of the viral and host cell membranes. 

Immunologically cross-reactive as used herein means that the candidate 
polypeptide is capable of competitively inhibiting the qualitative biological activity 
of clipped or undipped HIV env having this activity with polyclonal antisera 
raised against the known active analogue. Such antisera are prepared in 
conventional fashion by injecting goats or rabbits, for example, subcutaneously 
with the known active analogue in complete Freund's adjuvant, followed by 
booster intraperitoneal or subcutaneous injection in incomplete Freunds. 

It is currently preferred that the undipped HIV env preparations of this 
invention be substantially free of clipped HIV gnv fragments. By substantially free 
it is meant that the preparations should be greater than 50 percent, more preferably 
60-70 percent, still more preferably 80 percent, and most preferably at least 90 
percent free of clipped HIV env fragments. 

The gpl20 molecule consists of a polypeptide core of 60,000 daltons; 
extensive modification by N-linked glycosylation increases the apparent molecular 
weight of the molecule to 120,000 (Lasky et al.. Science 233:209-212 (1986)). The 
amino acid sequence of g P 120 contains five relatively conserved domains 
interspersed with five hypervariable domains (Modrow, supra). The hypervariable 
domains contain extensive amino acid substitutions, insertions and deletions. 
Sequence variations in these domains result in up to 25% overall sequence 
variability between gpl20 molecules from the various viral isolates. Despite this 
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variation, several structural and functional elements of g P 120 are highly conserved. 
Among these are the ability of g P 120 to bind to the viral receptor CD4, the ability 
of g P 120 to interact with g P 41 to induce fusion of the viral and host cell 
membranes, the positions of the 18 cysteine residues in the g P 120 primary 
sequence, and the positions of 13 of the approximately 23 N-linked glycosylate 
sites in the gpl20 sequence. 

The ordinarily skilled worker may use the disulfide bonding pattern 
within gpl20 and the positions of actual oligosaccharide moieties on the molecule 
for directing mutagenesis and fragmentation variants. It is intended that the 
variants of this invention include undipped HIV env in which one or more 
residues-other than those at the clip site-have been substituted in the env amino 
acid sequence, deletions of one or more residues in the env sequence other than the 
clip site, and insertions of one or more residues adjacent to any residues except 
within the clip site. 

Lasky et aL Science 233:209-212 (1986) described the expression of 
gp i20 in Chinese hamster ovary (CHO) cells as a fusion protein using the signal 
peptide of the herpes simplex type 1 glycoprotein D (gDl). The use of two such 
fusions proteins are preferred in the practice of this invention. A recombinant 
glycoprotein (CL44) is expressed as a 498-amino acid fusion protein containing the 
first 27 residues of gDl fused to residues 31-501 of g P 120. This construction lacks 
the first cysteine residue of mature gpl20. Another preferred recombinant fusion 
protein (9AA) contains the first 9 residues of gDl fused to residues 4-501 of 
gP 120 This restores the first cysteine residue, Cys24. Carboxy-terminal analysis 
of CL44 using carboxypeptidase digestions indicate that glutamic acid residue 479 
is the carboxy terminus of the fully processed molecule secreted by CHO cells 
(data not shown). The amino acid sequences of these two constructions are given 
in Figure 2. 

This invention also contemplates amino acid sequence variants of the 
undipped HIV env. Amino acid sequence variants are prepared with various 
objectives in mind, including increasing the affinity of the undipped HIV eny_ for 
a ligand or antibody, facilitating the stability, purification and preparation of the 
undipped HIV env, modifying its plasma half life, improving therapeutic 
efficacy, and lessening the severity or occurrence of side effects during therapeutic 
use of the undipped HIV env. In the discussion below, amino acid sequence 
variants of the undipped HIV env are provided, exemplary of the variants that 
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may be selected. 

Amino acid sequence variants of undipped HIV env fall into one or 
more of three classes: Insertion* substitutional, or deletional variants. These 
variants ordinarily are prepared by site-specific mutagenesis of nucleotides in the 
DNA encoding the undipped HIV env, by which DNA encoding the variant is 
obtained, and thereafter expressing the DNA in recombinant cell culture^ 
However, fragments having up to about 100-150 amino acid residues are prepared 
conveniently by in vitro synthesis. The following discussion applies to any 
undipped HIV env to the extent it is applicable to its structure or function. 

The amino acid sequence variants of the undipped HIV env are 
predetermined variant, not found in nature or naturally occurring alleles The 
undipped HIV env variants typically exhibit the same qualitative biological--for 
example, antibody binding-activity as the naturally occurring undipped HIV em 
or undipped HIV en* analogue. However, undipped HIV env variants and 
derivatives that are not capable of binding to antibodies are useful nonetheless a 
as a reagent in diagnostic assays for HIV env or antibodies to the HIV env, (b) 
when insolubilized in accord with known methods, as agents for purifying anti- 
unclipped HIV env antibodies from antisera or hybridoma culture supernatants, 
and (c) as immunogens for raising antibodies to undipped HIV eny. or as 
immunoassay kit components (labelled, as a competitive reagent for the native HIV 
env or unlabelled as a standard for HIV env assay) so long as at least one HIV env 
epitope remains active. 

While the site for introducing an amino acid sequence variation is 
predetermined, the mutation per se need not be predetermined. For example, in 
order to optimize the performance of a mutation at a given site, random or 
saturation mutagenesis (where all 20 possible residues are inserted) is conducted a 
the target codon and the expressed HIV env variant is screened for the optimal 
combination of desired activities. Such screening is within the ordinary skill in the 
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Amino acid insertions usually will be on the order of about from 1 to 10 
amino acid residues; substitutions are typica.ly introduced for single residues; and 
deletions wil, range about from . ,0 30 residue, Deletions or ~ refen** 
are made in adjacent pairs, i.e. a deletion of 2 residues or msertion of 2 res due , 
t wil, be amp!y apparent from the following discussion tha, substitutions. 



13 

c633.ap 1J 



deletions, insertions or any combination thereof are introduced or combined to 
arrive at a final construct. 

Insertion* amino acid sequence variants of undipped HIV env are those 
in which one or more amino acid residues extraneous to the HIV §nv are 
introduced into a predetermined site (other than at the clip site) in the target 
undipped HIV env and which displace the preexisting residues. 

Commonly, insertional variants are fusions of heterologous proteins or 
polypeptides to the amino or carboxyl terminus of the undipped HIV env. Such 
variants are referred to as fusions of the undipped HIV env and a polypeptide 
containing a sequence which is other than that which is normally found in the 
undipped HIV env at the inserted position. Several groups of fusions are 
contemplated herein. 

The novel polypeptides of this invention are useful in diagnostics or in 
purification of the antibodies or ligands by known immunoaffinity techniques. 

Desirable fusions of undipped HIV env, which may or may not also be 
immunologically active, include fusions of the mature undipped HIV env sequence 
with a signal sequence heterologous to the binding partner as mentioned above. 
Signal sequence fusions are employed in order to more expeditiously direct the 
secretion of the undipped HIV env. The heterologous signal replaces the native 
HIV env signal, and when the resulting fusion is recognized, i.e. processed and 
cleaved by the host cell, the undipped HIV env is secreted. Signals are selected 
based on the intended host cell, and may include bacterial yeast, mammalian and 
viral sequences. The native HIV env signal or the herpes gD glycoprotein signal 
is suitable for use in mammalian expression systems. 

C-terminal or N-terminal fusions of the undipped HIV env or undipped 
HIV env fragment with an immunogenic hapten or heterologous polypeptide are 
useful as vaccine components for the immunization of patients against HIV 
infection. Fusions of the hapten or heterologous polypeptide with undipped HIV 
env or its active fragments which retain T-cell binding activity are also useful in 
Meeting cytotoxic T cells against target cells where the hapten or heterologous 
polypeptide is capable of binding to a target cell surface receptor. Fo. example 

of many solid (non-hematopoietic) neoplastic tumors. Anubodies capable of 
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binding TOF-» are known, and may be linked to undipped HIV env, e.g. by 
covalen, crocking according .o commonly known methods, or by express,on ,n 
recombinant cell culture as an N- or C-terminal fusion with uncl.pped HIV env 
or active fragment, and are used to target undipped gpl20 to TGF-a. 

The precise site at which the fusion is made is variable; particular HIV 
env sites are well known and may be selected in order to optimize the bio.og.caI 
^tlvity, secretion or binding characteristics of the undipped HIV eflv. The 
optimal site will for a particular application will be determined by routme 
experimentation. 

Substitutional variants are those in which at least one residue in the Fig. 
! or 2 sequence has been removed (other than those residues at the clip site) and 
a different residue inserted in its place. Such substitutions generally are made m 
accordance with the following Table 1 when it is desired to finely modulate the 
characteristics of the undipped HIV env. 
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Ala 


0 C 1. 




Arg 


lys 




Asn 


gin; his 




Asp 


glu 




Cys 


ser ; ala 








Gin 


asn 




Glu 


asp 




Gly 


pro 




His 


a CTl • 2i_n 

as LL | o . 




He 


1 on • val 




Leu 


ilo* val 






Lys 


arg, &•»-"» 


elu 


Met 


leu, li-e 




Phe 


met; leu; 


tyr 


thr 




Ser 




Thr 


ser 






Trp 


tyr 




Tyr 


trp; phe 




Val 


ile; leu 
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Novel amino acid sequences, as well as isosteric analogs (amino acid or 
otherwise), as included within the scope of this invention. 

Substantial changes in function or immunological identity are made by 

rLt or helical conf— ^~~Z^ 
molecule at the target site or (c) the bulk ot me linrl : nned H IV 

whicn in g e M ra, are expect ,0 produce ,he ^^^tZ 
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other residue; (c, a residue havi» 8 an electropositive side chain, e.g., lys 1 arg y. 
or histidyl. is substituted for (or by) an eiee.ronega.ive res.due, e.g., lutamyl o 
aspartyl; or (d) a residue having a bulky side chain, e.g., phenylalanine, .s 
substituted for (or by) one not having a side chain, e.g., glycme. 

' Some deletions, insertions, and substitutions will not produce radical 

changes in the characteristics of the undipped HIV snv molecule. However, when 
, s d"ncul, ,0 predict the exact effect of the substitution, deletion, or insertion 
in advance of doing so, for example when modifying an immune epitope, M,ne 
killed in the ar, will appreciate tha, the effect wii. be eva,ua,ed by routine 
s uing assays. For example, a variant typically is made by site specf. 
I, genesis o, the HIV m -encoding nucleic acid, expression of the vanan 
lieic acid in recombinant cell culture and, optionally, punf.cat.on from the cell 
utre for example by —affinity adsorption on a polyclonal an-uncUpPed 
HIV env column (in order «o adsorb ,he variant by a. leas, one remammg .mmune 
TpIpeT. The activity of .he cel. ,ysa.e or purified undipped HIV ^ vanan, . 
h n screened in a suitable screening assay for the desired character,,.. Fo 
exam e, a change in ,he immuno.ogical characer of the undipped HIV env. such 
L affini y for T-c=l. binding, measured by a compe.itive-type immunoassay. As 
Ire be omes known about the functions ft. vivo of the undipped HIV snv other 
20 m ° re becomeS Kn0 , h scree „ ing Modifications of such prote.n 

assays will become useful in such screening. i« 

proper.ies as redox or .herma. s,abili.y, hydrophobici.y, suscep..b....y o 
P roLy.ic degradation, or the tendency ,0 aggregate w..h earners or in.o 
multimers are assayed by methods well known to the art,san. 

Another class of undipped HIV env variant are deletional variants. 
Deletions are characterized by the removal of one or more amino acid res.dues 
Z 1 than the clip site) from the HIV « sequence. Typically, de.et.ons are used 

affect undipped HIV m biological activities, 
preserve the biological activity or immune cross-reactivity of ft. uncupped HIV 
env are suitable. 

Deletions of cysteine or other labile residues also may be 
example in increasing the oxidative stability of the undipped HIV De Con 
o^bstitutions of po.ential proteolysis si.es, e.g. Arg Arg, is accomplished by 
dl leUn 1 of the basic residues or substituting one by glutaminyl or hrstidyl 



= 25 



residues. 
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It will be understood that some variants may exhibit reduced or absent 
biological activity. These variants nonetheless are useful as standards in 
immunoassays for HIV ^ so long as they retain at least one nnmune epuope of 
HIV £nv. 

1, is presently believed that the three-dimensional structure of the 
undipped HIV w. compositions of .he present invention is important to then- 
functioning as described herein. Therefore, all related structural analogs whrch 
^ the active structure of those formed by the compositions claimed herern are 
specifically included within the scope of the present invenuon. 

Glycosylate variants are included within the scope of undipped HIV 
env They include variants completely lacking in glycosylate (unglycosylated) 
£ variams having at least one less glycosylated site than the nattve form 
(deglycosyiated, as well as variants in which the glycosylate has been changed, 
needed are deglycosylated and unglycosylated amino ac.d sequence v*r ^ 
deglycosylated and unglycosylated undipped HIV snv hav.ng the nauve 
unmodified amino acid se,uence of HIV B and other glycosyiauon vanan^ For 
example, substitutional or deletional mutagenesis is employed ,0 ehmmate the N- 
or 0->inked glycosylation sites of undipped HIV env, e.g.. an asparagme res.due 
(not a. *e dip site) is deleted or substituted for by another bas.c res.due such as 
tine or histidine. AKernatively, flanking residues making up <^ "*..<>" 
1 are substituted or deleted, even though the asparagme res.dues r mam 
ulanged in order to prevent g.ycosyla,ion by eliminating the glycosy.at.on 
recognition site. 

Unglycosylated undipped HIV env which has the amino acid sequence 
of the native HIV env is produced in recombinant prokaryotic cell culture because 
prokaryotes are incapable of introducing glycosylation into polypeptides. 

Glycosylation variants are produced by selecting appropriate host cells 
or by in v«r« methods. Yeast, for example, introduce glycosylation 
ig jficantly from that of mammalian systems. Similarly. mammal.an cells h v »g 
a d ferent species (e.g. hamster, murine, insect, porcine, bovine or ovrne) or ..sue 
ori^n e g. lung, liver, .ymphoid. mesenchymal or epidermal) than the source o 
HW env antigen are routinely screened for the ability to introduce varran 
g cosylate as characterized for example by e,eva,ed .evels of mannose or vana 
Jios of mannose. fucose. sialic acid, and other sugars typ.ca..y found .n 
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mamma.ian glycoproteins. /„ *» processing of ,he unclippec 1 HIV ST* typical* 
is accomplished by enzymatic hydrolysis, e.g. neuram.n,dase d 18 es„on. 

Covalent modifications of the undipped HIV £nv molecule which do no. 
modify .he clip si.e are included wi,hin the scope hereof. Such mod.f.cauons are 
™rodu ed by reacting targeted amino acid residues of .he recovered pro e,n w,.h 
„ organ P rivatizing agent .ha, is capable of reacting with se.ec.ed s.de cha,n 

Linal residues, or by harnessing «— * 
modifica.ion .ha. function in selected recombinant host cells. The resulting 
Tvaen, derivatives are useful in programs directed a, iden.ify.ng restdu^ 
C I for biologica. activity, for immunoassays of H.V a* or or h 
potion of anti-undippedHIVe^antibodiesfor immunoaff.ntty punftcanon 
o the recombinant undipped HIV eav. For example, complete macuvation of the 
ItaiXtivity of the protein after reaction with ninhydrin would suggest .ha. 
ZZTaZZ* or 1 sy. residue is critical for its activity, whe,eaf.er ,he 
ndMdual residues which were modified under .he conditions selected a e 
d t ^d by isolation of a peptide fragmen, containing the modified am.no acd 
r t!M„e Such modifications are within the ordinary slcill in the ar. and are 
performed without undue experimentation. 

Denization with afunctional agents is useful for preparing 
•„,,™olecular aggregates of the undipped HIV env with polypeptides as well as 
rc"nT.he undipped HIV a* ,0 a wa.er insoluble suppor. ma«„x or 
u file for use n the assay or affinity purification of «s .igand, In addttion a 
* y f in.rachain cross-links wiH provide direc, information on conformational 

Jucture. Common,, used cross-linking agents indude suflhydry —•>■'- 
U Z Lace.yO-a-phenyle.hane.g.uura.dehyde.N-hydroxysuccm.m.deestrsfo 

!xamp"es,ers with 4-azidosa,icy.ic acid, homobif unctiona. im.doesters .nc lud n 
dirccinimidyl esters such as 3,3'-di,hiobis (succinimidyl-prop.onate), and 

rr;r»- = ssssxssst, - 

4 330,440 are employed for protein immobilization and cross-l.nk.ng. 

Polymers generally are covalently linked to .he peptide herein through 
c633.ap 19 



dehyde reactive groups (PEG alkoxide plus diethyl aceta, of 
PEG pL DMSO and acetic anhydride, or PEG chloride p.us .he phenox.de of 4- 
hylxybenza.dehyde. succinimidyl active es.ers, activated dithiocarrwnate PEG, 

^JichiorophenyicMoroformateorp-n^^ 

Cartxy. .roup, are derived by coupling PEG-amine us,ng carbodnm.de. 

Certain post-transla.ional derivations are .he result of the action of 
recombinant host cells on the expressed polypeptide. Glutaminyl and asparagmyl 
ZTare frequently post-translationally dean.ida.ed to the correspond.^ 

STJL conditions. Either torn of these residues falls wi,h.n the scope of 
this invention. 

Other post-translational modifications include hydroxylation of proline 
and lysine phosphorylation of hydroxyl groups of seryl or threonyl rescues, 
: e ~on of th P e .lino g rou P s of lysine, arginine, and histidine s.e ch.ns 

(T E Creighton, mmm " tnrr ^oerties. W.H. Freeman & 

(T.E. Creignto , _ Q R , rl9831) ace tylation of the N-terminal amine and, in 

Co San Francisco pp 79-86 aceiyumu 

some instances, amidation of the C-terminal carboxyl. 

DNA encoding undipped HIV env is synthesized by in rliro methods 

or is obtained readily from cDNA libraries. The means for synthetic creation of 
or is obtained rea ^ ^ an automated 

Clnnine— A Laboratory Manual, Cold spring na 

■ in Enzyn,o,ogy .54: ,.«*. ,987. hereby specf.cally 

incorporated by reference. 

Alternatively, to obtain DNA encoding undipped HIV m. one needs 
only to conduct hybridization screening with labelled DNA encod.ng e.ther the 
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■■ ™.H HIV era fragments thereof as shown in Figs. 1 and 1 
„ IV « or ""^raC^O^ndordinariiyabontSObrtinordertodetectciones 
(usually, greater than about 20, ana ^ ^ or 

tissues of a particular animal, followed by y engthcl0 „ e s. If full 

^^^^^^^XZX are 
,e„g,h clones are no. present » the .brary PP ^ ^ 

recovered from the various clones and Ugated a, e trKUO 

fragments ,0 assemble a fulMength clone. DNA encodin HIV 

analogous routine hybridization procedures. 

,n genera,, pro.aryo.es are used for cloning of DNA ^ouenc* , in 
eonstructing .1 vectors useful in the invent^ For examp e ^ 
29 4 (ATCC No. 31446) is particularly use «^ ™ 7, * ^ eiamples 

be used include «. co.B ^^^^^^c**^^ 
are illustrative rather than limiting. Alternatively, 
polymerase chain reaction, are suitable. 

The polypeptides of this invention are expressed direcrty in recombinant 
The polypeptio aM l 0 gue, or as a fusion with a polypeptide 

cell culture as an N-term.nalmethionyUna.ogu ^ ^ 

hetero.ogous ,0 the hybrid/portion, prefer b y a s gna ^ ^ 
pol ypep,ide having a speci He ™J ; ^ seoretory expression 
hybrid/portion. For examp e . o-„=.. ^ ^ ^ ^ ^ ^ ^ 
vector for unclip ed «V ^ ^ ^ by ^ 

that recognize that signal wn ^ ^ p(jlypeptlde 

,he host signal peptidase unclippeo „iy m For host 

fused a, its C-terminus to the desued m ^ fcy ^ 

orokaryotes that do no. process the HI Vmt « . phosphat ase. 

penicillinase,. PP or ^J^^T^ factor or acid 

m signa. may be ^j^^ the na.ive signaiis satisfacory 

phosphatase leader, n — U ^ protein 



gD signal. 
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tt moed HIV env may be expressed in any host cell, but preferably is 
r a fn"osts However, host cells from prokaryotes, fun gl , 
synt hesized in — ^ f0 ' r expression . Ex em P lary promotes 

yeast, insects and the like are aiso * prototrophic, 
are ,he strains suitable for cloning as we,, a, mm ^ 

A™^"^ d ^rtS^^*-« secrete minima, 
and various pseudomonads. Prereraoiy me 

amounts of proteolytic enzymes. 

• .1 , transformed with DNA encoding the 
Expression hosts typ.cally are m vector . Such vectors 

undipped HIV 1 which has been hgate .nto « exp^on ^ 
ordinarily carry a r«plicado» s.te (aUho gh h, s * ^ ^ 

chr0 mosoma. integration w„l occur). ExP «s ton 

sequences which are For example, «. is typicaUy 

celIS , . will he ^^^^^ an s.coU species (BoUvar *, 
tr ansformed contains genes f0 r ampiciUin and tetracycline 

a/.. Gene 2: 95 [1977J). P»«" identifying transformed cells, whether 

^-^•-^^^^"'"^r^ew. also optimally will 
for purposes of cloning or '^J^ am ^ aiU ^. 
contain sequences wh.ch are useful for cont „ amJ 

e ,„ promoters and « «* *• 

enhancers (for mammalian cells). The promo ^ 
inducible; even powerfu! constitutive P— s^h « he CM p ^ 



expression. 



for use with prokaryotic hosts illustratively include 

PnK . W. « 5 > are generalIy ta own. thereby 

promoters are su.table. Thetr nucleo s q unc lipped HIV 

— '--TS^S iX^^ or adaptors tosupply an, 
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„ki„ i;r.Wfrf to the DNA encoding the 
a Shine-Dalgarno (S.D.) sequence operably linked 

undipped HIV gnv. 

(S ,i„C,comb, » ^ «s pLnid already con,ai„s .he «rpl 

Tschemper « a/.. Gene 10. 157 (1980)). l P the 
gen e »hich provides a se.ec.ion marker for - » » J 

:r:i. «u i :i2e j.* - — — - 

Lnsforma.ion by grow.h in .he absence of .ryp.ophan. 

Su uab,e promos sequences for use ^J^^ 
p r omo.ers for 3-phosphoglycera.e kinase (H~ (196ft 

and Holland, BiocHe^ry 17: 490 . (1971 . » de carboxylase, 

phospha.e dehydrogenase, hexok.nase, Py 

p h „spho f r U c.okinase, 8 .ncose- 6 -phospha t e,ome^ 

pyruvate kinase, .riosephosphate .somerase, phosphogluc 

glucokinase. 

am, are inducible promoters having the 
nther veast promoters, which are mauwiui* v 

add ,„n«ge o^ranscrip-ion con.ro„ed >^ 

promo.erregionsfora.coholdeh^ 

degradative enzymes assoc,a.ed w,.h m.rogen me. 

de-3 — " " yeaS * 



No. 73,657 A. 



70 to 80 bases upstream from the start ^ 

-v Miflv be any nucleotide. At xne j 
CXCAAT region where X may be any n 
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• » ata A A sequence which may be the signal for addition 

^ - * *• — ~ au of these sequences are 

inserted into mammalian expression vectors. 

mammalian host cells are read.ly obtamed fro iros> MMV (steroid 

g e„omes of viruses such as ^^•^/^u.is-B virus and most 
inducible), retroviruses (e.g. the LT Uan promot ers, e.g,«he 

preferably cytomegalovtrus, or from heterolog ^ 00nven iently 

oeta actiu promote, The earl, and ^^contains the SV40vira. origin 
obtained as an SV40 restriction fragmen . mmediate early promoter 

of replication. Fiers « ol, NCure, 273 3 (19 J- ^ £ rKtriction 

ot the human cytomegalovirus .s conven enay ob» 

fragment. Greenaway, PJ. « «~ I8 ' 355 

. ■ „ f a DNA encoding undipped HIV sjv by higher 
Transcnpuon of a DNA the vectot 

eu*ar,o<es is increased by inserung an - ^ from 10-300bp. that ac, 
Enhancers are cis-acting dements of DN A usuaUy 

on a promoter to increase its .ranscnp-r n J* ,^ 78: 993 

a „d position independent havng be n found^( ^ ^ ^ (W<J)) „ t „ e 
[198 1)) and 3- (Lusky, MX ■ &(( „. , 2 , (1983)) „ well 

transcription unit, with.n an T.F., « a/.. *rf. CW * ™ 

as wi ,hin the coding sequence ..self ^'"^ f rom maomalian ge nes (globin, 
[1,84,). Many enhancer ically , h0 „ever, one will use an 

elastase, albumin, ..-fetoprotein and » " sv40 enhancer on the 

enhancer from a eukaryouc cell « s ^ Mrly promote r 

,a,e side of the replication ongm (bp 100 270 ^ ^ ^ 

enhancer, the polyoma enhancer on the late 
adenovirus enhancers. 

h in .nlcarvotic host cells (yeast, fungi, insect. 
Expression vectors used » mMamu organisms) will 

p,ant, animal, human or nucleate - * f^m ^ ^ 

also contain sentences necessary for * er ^ polyadenylated 

affect mRNA express.on. These g (he hybnd 

immunoglobulin. m e J 



termination sites. 
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marke , Bxa.np.es ^^^, 0 r^ Whensuch 
d ,hydrofola.e reduce CDHFR) *ym. roammalian host ce.l, the 

Actable — are successfu «^ urvive if placed und er Active 
transformed mammahan hos «» B „ f selective re gimes. The 

pressure. T*-."-- *^STar .He use of a mu,a». ce„ line 
first category is based on a cells meta upp ,emen.ed media. Two 

which fc*. the ability to grow f °/ cells lack ,he ability 

«^™<™^? m ?"Z££* - thymidine or hypoxanthine. 
t0 grow without the add-on of « ^ J^,, nucleotide synthesis 
Because these cells lack cer«a.n genes necessary o , 

pathway, the, cannot * Renting ,e media is to introduce 

supplemented medta. An al.ernat.ve ■ P ^ 

an intact DHFR or TK gene mto cells laclcmg ^formed with the 

theit growth retirements. Ind, v.du* « . w^w - ^ media . 

DH FR or TK gene will not be capaMe of urv, ^ ^ ^ ^ 

In preferre d embodiments, herem, CHO cells 

recombinant expression of gpl20. 

ref ers .0 a selection scheme use d .n any c 1. type rf a host 

a m utant cell line. These schemes ^ ^ JJ with a heterologous gene 
ceU . Those cells which are ^cessfully Jrans or electlon re gi m en. 

^.P^«"^^r^^!^d. (Southern « /■ 
Cm ycophenolic acid) or hygromycin, respectively. 
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r«« wt rell with a plasmid having a DNA 
be achieved by co.ransfec.ing a ^^^^a gene peeing 

encoding a desired ^"*£J£**~ "ore DHFR, which requirement 
coin.egra.ion. One ensures <ha, .he cell req ^ ^ grow 

to ,eh presence of ever-gr <er M selection gene iepliC a.,on 

a desired he«erologous pro.e n h* co «gra ^ ^ ^ 

of .his gene gives nse ,o rep W » of heg . ^ 
result is .hat increased copies of the gene, i.e. a v 
"sired he,ero.ogous protein express more of ,he destred pro,e.n. 

Suable eu.arvo.ic hos. cells for 

(BHK, ATCC CCL .0); Chinese hamster "^^^ Mather, J.P., 
Chasin, PNAS (USA) 77: 42.6. ATC C C CL 70); 

Bio,. Reprod. » 243-2M l^^*^^,*,* human cervical 
african green ^^^T^^ -* (MDCK, ATCC CCL 
carcinoma cells » CRL .442); human lung cells (W138, 

20 34); buffalo rat hver cells < BR "*' 8065) . mouse ma mmary tumor 

ATCC ^ <"*~- »• « ^ NX 

(MMT 060562, ATCC CCl:>u, «» , 
Acad. Scu 383: 44-68 119821). 

, nn of suitable vectors containing the desired coding and 
Construction °< ^ techniques< Isolated pla smids or DNA 

z^z rnrr- — - - desired to form the 

plasmids required. 

nfirm correct sequences in plasmids constructed, the 
,„ Fof aM ' y!1S *° C ° I v , 2 strain 294 (ATCC 31446) and 

Hgation mixtures are used .o .ransform E. co . K t™ £ < where 
successful .ransformants selected by amp.c.lhn o <« racy 

appropriate, ^^^n^^^^^^' 
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promoters, selecting transformants or amplifying the genes encodm ; the deseed 
seauences The culture conditions, such as temperature, pH and the hke, are those 
p" used with the host ce.l selected for expression, and will be apparent to 
the ordinarily skilled artisan. 

To maximize the harvest of undipped HIV env, it is currently preferred 
that cell cultures be grown in media containing low serum, preferably 0-3 percent 
serum, and more preferably in about 1 percent fetal bovine serum or other suable 
serum. 

The host cells referred to in this disclosure encompass cells in in vitro 
culture as well as cells which are within a host animal. 

Transformation" means introducing DNA into an organism so that the 
DNA is replicable, either as an extrachromosomal element or by chromosomal 

of the host cells is the method of Graham, F. and van der Eb. A., a 
456-457 (.973). However, other methods fo, introducing DNA mto cells such as 
by nucle r injection or by protoplast fusion may also be used. !f prokaryotrc ce Is 
!r cells which contain substantial cell wall constructions are used, the prefer d 
method of transfection is calcium treatment using calcium chlor.de as described by 
Cohen, F.N. et at.. Proc. Natl. Acad. Sci. (USA). 69: 2110 (1972). 

•Transfection- refers to the introduction of DNA into a host cell whether 
or no. any coding sequences are u.timately expressed. Numerous m "^ s ^ 
transfection are known to the ordinarily skilled arfsan, for example CaPO. and 
Ltroporation. Transformation of the host cei, is the indtca of successfu. 
transfection. 

The novel polypeptide of this invention is recovered and purified from 
recombinant cell cultures by known methods, including ammonium sulfate or 
ethanol precipitation, acid extraction, anion or cation exchange chromatography, 
ptsphocellse chromatography, immunoaffinity chromatograp y 
hydroxyapatite chromatography and lectin chromatography. *•.«*•*• 
plrif Jtionmethods describedin EP >S7.04,. Moreover, >*~-+~££ £ 
chromatography using ligands for undipped HIV SB* are useful 
« is presently preferred to utilize gel permeation chromatography and anton 
exchange chromatography, and more preferred ,o use cation exchange and 
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. ram according to standard protocols, 

hydrophobic interaction chromatography (HIC) accord.ng 

v-~A HIV env is recovered and purified by passage 

Add T Hw" v-a^dy covalently coup.ed to aidehyde 

over a column of uncl.pped H V an y 303:225 . 

siliC a by a standard procedure (Roy - 1- and ana ,yzing the eluan. 

228 (1984) ). washing of the comma w,,h a sahne ».u *g J 

m0 noc,ona. ^d,es coupted to g.yce^ ^ 
desi rab,e for the practtc ^ ^ ^ 

rrpTdCv « Inferably be purified in the presence of a protease 
inhibitor such as PMSF. 

isotonic formulations together with req formu lation is 

- — " - so!u,ion containing non- 

Xsphl buffer a. pH or may be lyophil,ed powder. 

« undipped « —ns ,0 be used in --py^Ube 

emulated and dosages "he co/dition of the 

practice taking rnto ^ accoun * o ^ . ^ ^ the 

WV « a, r ; reno y ntoxict „ recipient a. the dosages and 

acceptable earners .e. «nw «*« tha , m themselves 

concentrations employed. Adjuvants ana stimu l a te the immune 

response. o. he ^getant^. « ^ ^ ^ „ ^ 
HIV snv w,th buffers, low mdudir , g gluC ose or dextrans, 

polypeptide, "^^^^^ Freunds adjuvant (a mineral 
chelating agents such as EDTA, and otn of ^ 

„i, emulsion, commonly has been -^^"^ such as tumor 
microbial substances such as mycobacterial J U.S.S.N. 

necrosis factor and interferon gamma m P _ ^ 

07/007075). Although antigen is destrably admmrstered 
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, -^oUvprpd with an adjuvant, boosters with 

antigen may no, retire adjuvant. C " ^^"J ^ ms0 ,„ W e 

th e primary route for therapeutic ^ ^ " "° 

mtr avenous delivery, or delivers ' ^ ° £ comnerci a„y avaUab.e 

used . A ,,erna,ive nd the * ^ ^ ^ 



formulations. 



♦•h. m,v also be administered via microspheres, 

p,a=ed in certain tissues including blood. Sutra* « , . « ° 

e.6.suppositones,orm.crocapsules. imp , olymers of L- 

m a,rices include polylactides (U.S. 22(1): 
glutamic acid and gamma ethyl-L-glutamate (U. 

1,-556, (>985», ^-^T" 9S1) an! K. Lange, C^. 

t ~i i Rinmed Mater. Res. 15. 10/-^/ ' v. 1 " > 
(R.Lan g er , ng ^ mc , ipped HIV ^ are 

Tec*. 12: 98-105 (1982)). L.posom rrK . ml .Acad. 

. prepared by well-known method, DE 3 18,12 A, P^ 

SC. USA, 82:3688-3692 (1985); Hwang etal Pro, NcL 

Japanese patent application 83-11808, u. 

UP l„ 2 ,342 A . Ordi -Uy ^..PO-e - of *e ^ 

the polypeptide leakage. 

— n dose of ,e unclipped «V « ^ 

.pendent upon * ^ - " * 
and in vivo plasma half-Ufe. the concentr ^ ^ 
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. „ -thin the skill of the physician. Generally, doses of 300 
and the like, as is well wtthm the sk.ll > » ferred , aUh „„gh 

„ of undipped HIV « P« ^ ^•^^ Different dosages are 
dosages may range from about >° ^ 8 P administer 



env vaccine. 



The undipped HIV « vaccines of this 
, a variety of ways and ,0 different ^J ^ToZ oZ .0 HIV, and 
t0 vaccinate individuals who may or may no be at ns ' ^ 

t0 individuals who have been previously 

327:473-476 (1987); and Salk .< a/., Scence 195.834-847 (19 

~ Vnned HIV env may be administered in combination with other 
The unchpped m «« ^ ^ vaccines may 

aniens in a single inoculation octtaU ■ * [ ^nl-i— over time, 

^s^r L^e — *e same or different preparations of 
HIV antigens or other vaccines. 

«f the vaccination parameters chosen, e.g. dose, schedule, 
J" " H 1^ < ak ing aUpuots of serum from the 
adjuvant choice and the HKe, is uc immunization 
patien, and assaying antibody ti— » monitored by 

program. Alternately the pre en= » ^ ^ 

the desired effect, e., anti- 
condiuon of the patient win achi eved then the patient can be 

active effect. If inadeo.ua te ^vaccmat^n ^ ^ 

administration. 

• •. directed to optimized immunization schedules for 
This invention is also directed p infection. It is currently 

enhancing a protective immune response ag^ be 

— r ^r.*srsri-- - - - 
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the first inoculation. It is preferred that a third inocu.ation be administered 
TJZ later than the second "boost" inoculation, preferably a. least more 
;;"ol" n8 the firs, inoculation, more preferably six months to two 
' ears Xing the firs, inoculation, and even more preferab.y eight months to one 

ea^ wing *e firs, inoculation. Periodic inoculations beyond the th.rd are also 
de irable to enhance the patient's "immune memory". See Anderson 
1TL Diseases 160(6):960-969 (Dec. .989) and the references there.n 

nfo Z,ed by reference herein. Generally, infrequent immunoations w.th 
,wd HIV env spaced a, relatively long interval is more preferred- than 

U^IZZ in eliciting maximum antibody responses, and in eHciting 

a protective effect. 

The polypeptides of this invention may optionally be administered along 
with other Pha™lco,ogic agents used ,0 ,rea, AIDS or ARC or .^tWM- 
leases and infections, such as AZT. CD4, antibiotics, immunomodula.ors such 
as interferon, anti-inflammatory agents, and anti-tumor agems. 



^^^This invention is also directed to monoclonal antfcod.es » * 
Example 2 below and by antibody hybridomas deposited w.«h the ATCC as 
! Trf In accordance with this invention, monoclonal an,.bod,es 

^".y ^ nglXpe of undipped HIV « or antigenically active cell 

arftolated from continuous hybrid cell lines formed by the fus.on of 
an^gen primed immune lymphocytes with myeloma cells. Advantageous ly. the 

„IV ejiv bind the domain of this protein which .s exposed on the cell surface. 

The antibodies of the subject invention are obtained through routine 
screening An assay is used for screening monoclonal an.ibod.es for therr cytotoxic 
„o~as ricin A chain containing immunotoxins. The assay involves trea .ng 
LTwl dilutions of the test antibody followed by a Fab fragment of a secondary 
an^dy coupled to ricin A chain (-indirect assay'). The cyto,ox.c.,y of the 
^eJassay .compared to - ~ ~ ^£ 

::r o?;^—:^ - — -«. 7 — > 

evening monoclonal antibodies for use as immunotoxins - see a.so V..e «a , «. * 
Science 238:1098-1.04 (1987), and We.tman e, a,.. Cancer Res. 47.5552 (.987). 
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hereby incorporated by reference. 

antigenic site, M^rT^**^^^™"" 
Preparations.*^ ymc.u'edtf £ ^ ^ ^ . 

determinant on the antigen. ,„, wtica i assay methods using antigen- 



into mice. 



nriemallv by Kohler and Milstein, 

r, 'JTS ":,s or mlocona, antibodies against man, specific antigens. 

In particular embodiments o f this — ^ ^e il 
dicing or binding to an epitope spanning ,h BL/6, against 

obtained by immunizing mice such as BaVVc or, P< ercbly 

,P.20^«^'«»«^^^^C. UG5, and ,0DS 
gpl2 0, prevent Us binding to clipped »!»• ™* ^ 

antibodies are examp.es o f such an — ££>™ by , he method 

antibodies having the same ,uaU,a« v «^ spa „ cllp site are 

described herein, and as ^ ^ ^ ^ ^ 

known in the hterature. Qualitative a > 

a „ tib ody binds to an ^^^^ "Inbound the peptide 
of gp,20 showed tha, the .OF , 1 ^5, and ^ 

spanning residues J""^™^ ^Jare capab.e of doing so are 
antibodies other than 10F6, 11G5, differences in affinity, 

^ful in the practice of this invention, despite a y M which 

immunoglobulin Cass, species of origin, o * ^ amin0 acM 

are expressed in ^^^7^.^ •* ° f - 



region. 
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route - — • or — - : -J^TSS 

a-dy-p,^ 

;„I ti on of — a„. including human, hybrid eel, lines. 

i cells are fused with myeloma 

cells to generate a hybr d <*» monoc ,„„al antibodies. For purposes 

indefinitely, to produce large quantmes o mo lymph0C y,es 
ot .His invention, the immune ymph d oe^ se U« ^ ^ ^ 

and their normal differen.ra.ed progeny, taken e. 

sp ,een .issue from i— . ^ = ^ —t _ „ f 

spleen cells, since they offer a more ^ ^ 

antibody producing cells with respect to the ^ ^ Myelomacells 
provide the basis for continuous propagauon of the fused hy 
are tumor cells derived from plasma cells. 

preferred that the source of immunized antiooay 
from the same species. 

m edia. The cell lines « £^Z £Zt«L*~«~^ 
composition comprisir, , the c ~ a ^ ^ „ K 

•^^^ "-^^^^ adeq ua,e media. Moreover, .he 
can be maintained on a variety o. conventional ways, 

Hybrid cell lines can be stored and preserved m anynumbe , ^ ^ 

revi ved and cu «»red ,nd f n^e y ^ ^ ^ ^ 

monoclonal nobody. The «« prec i p itation. Ion exchange 

supernatant by conventional method. ^ such as P described 
chromatography, affinity chromatog raphy o ^ Uta. ^ 
Herein are a*o recovered^ hy— - ~ J^,. ha ve been used 
for purification of IgG or IgM as the c m hylene 

rSST^r r are sterile filled, and 
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optionally are conjugated to a detect marker such as an en*yme or spin label 
for use in diagnostic assays of HIV in test samples. 

While the invention is demonstrated using mouse monoclonal antibodies. 
,he invention is not so limited; in fact, human antibodies may be used and may 
pro o be Preferable. Such antibodies can be obtained by us,»g 
Lridomas (Cote * at.. Monoclonal ***** and Cancer THerapy, Ala * I* 
p 77 ( 985) >. in fact, according ,0 the invention, technics developed f r h 
roJu .ion of chimeric antibodies (Morrison * a,..^. ™ A*. 6 
(,984V Neuberger « Nature 312:604 (1984); Takeda e, at.. Nature 314.452 
1985)') by splicing the genes from a mouse antibody molecule of appropnate 
antL n specificity together with genes from a human antibody molecule of 
Z Seal acuity (such as ability ,0 activate human complement and 
meZ ADCC) can be used; such antibodies are within the scope of flu, 
invention. 

As another alternative to the cell fusion technique. EBV-immorta.ized 
B cells are used to produce the monoclonal antibodies of the subject Invent™. 
O t he!m«Ldsforproducingmonoclona, antibodies such as recombman. DMA. are 

also contemplated. 

"^s invention is also directed to immunochemica, derivatives of the 
antibodies of this invention such as immunotoxins (conjugates of the anfbody and 
I,™ moiety). The antibodies are also used to induce lys* through the 
„a ~mp"len. process, and ,0 interact with antibody dependent cvtotox, 
cells normally present. 

Purified, sterile filtered antibodies are optionally conjugated ,0 a 
cytotoxin such as ricin for use in AIDS therapy. US Paten, Applicafon Sena No. 
07/350 895 illustrates methods for making and using immunotoxms for the 
r^nfof Hrv infection, and its teachings are specifically incorporated by 
reference herein. 

I mm«no,oxinsofUusinvenaon.capableofspecinca.lybindingHIVe J !x 
are used tc 1 cells tha, are already infected and are actively producing «. ™-. 
Mling is accomplished by the binding of the immunotoxm to vrral coa prote.n 
wh h is express d on infected cel.. The immunotoxin is then .nternaHzed and 
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u u infected cells that have incorporated viral genome into their DNA 
kills the cell. Infected ceus xna t) may 

b„ t are no, synthesizing vira, pro,em (,e.. =* ^ 

^l-P-^-^^^r^^^r^ and/or ,he other 

* antib r ctrr^ - — — - - 

antibod.es described h « may ^ ^.^.^ conju8ate ea n 

ZZZZZZ - =oa, pro,* ^ 



described herein. 



. m „.-...»..-»-»--"-;;,7,irt 



into the cell. 



• „f ,hU invention are particularly helpful in killing 
The immunotoxms of thrs mvenUO P ^ ^ 

of new viruses in these cells. 

No , al, monoclonal antibodies ^^^Z 
K make highly cytotoxic — ^^.^ t0 func .io„ as par, 



strains of HIV. 



e„zyma,ically ac,ive ,oxin of bac^ena ^ f^,^ active toxins and 
en.ymatica.ly active J^,., a „ive fragments of 

fragments .hereof used are , d*h* A c ^.^j, rMn A chain, 
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.scs-platmorSFU. Conjus bifonctional protein coupling agents, 

moieties are mad. — • »™£ * bifuMti „„a1 derivatives of imidoesters 
Examples of such reagen are SPDPJT . b disucdnimWyl sub era,e. 

S^tSTSS vtVa.do CO— - . bis 
"e„:: hexan'ediamine, bis-di— -i-ives sucK as 

2-— >- d rsfc 

2,6-diisocyanate and bis-acive fluon ^ ^ ^ 

2,4-dinitrobenzene. The lysing portion of a toxin may J 
fragment of the antibodies. 

Unmunotoxins can be made in a variety of ways, as « 
Common* fcnown crossing reagents can be used to yie.d stabie connate, 

Advantageous*, monociona, antibodies specified 

incorporated by reference. 

W „en used ,0 kiU infected human ceils ft, ntro for diagnostic purposes 
Whenuseo „ HH . d „ the cell culture medium at a concentration 

the conjugates wi,, typical* be rf for ,, „,„ 

perfusion medium will normaUy be used. Cytotoxicity may be by 
conventional techniques. 

Cytotoxic radiopharmaceuticals for treating infected cells may be made 
cytotoxic riu k the antlbodies . 

by conjugating radioactive .sotopes (e.g. ' w 0 toxic 

Advantageous,, alpha partiCe-emi.ting isotopes are used^ The term cytoto 
moiety- as used herein is intended to include such .sotopes. 
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chain) is conjugated to antibody if the galactose binding property of B-chain can 
be blocked ("blocked ricin"). 

in a further embodiment toxin-conjugates are made with Fab or F(ab') 2 

fragm ents BeLe of their relatively small size these fragments can better 

penetrate tissue to reach infected cells. 

,„ another embodiment, fusogenic liposomes are ™« 
drug and the liposomes are coated with antibodies specf.cal.y bmdmg HIV ^ 

^^^^rT^ a me,od based on the use of 
ine P . . • t HTV env or undipped HIV env, and (b) 

todies ^?££zzz t:l«:i - ™ *» 

TTnsTwh hT nti ody molecule binds. More specified, these 
or macrophages. 

The present invention is also directed to the use ^ ^'^ 
, <■ aitv: theraDV For example, IgG2a and IgG3 mouse 
** I X£w ^s« a«ed ce,l surface antigens can be used ,„ v.ro for 
■^^r^^ env * present on infected monocytes and 
C^oZ. It^Is therein and their therapeutic use have 
general applicability. 

Biologica! activity of antibodies is known to be determined «o a large 
810 8 . ' . ntibodv molecule CUananue and Benacerraf, 

r ^TiZTaiLe complement and to mediate antibody-dependent 
tacl »des thetr abrhty to activa* p ^ 

cellular cytotoxicity (ADCC) as accord i„g to the present 

Casses and subclasses differ in flu. ^ "^^Sta. activity are 
invention, an.ib.dies of those dasses havtn »-» «JI 

setected. For example, mouse immunoglobulins of the feG 3 a g 
capable of activating serum complement upon btnd.ng to the target 
express the cognate antigen. 
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I» general, antibodies of the I 8 G2a and IgG3 subclass and occasionally 
IgG1 can mediate ADCC. and antibodies of the IgG3, IgG2a. and IgM subclasses 
It and activate serum complement. Complement activation ~£»J££ 
the binding of a. leas, two IgG molecules in close prox.rn.ty on the target ce.1. 
However, the binding of only one IgM molecule activates serum complement. 

The ability of any particular antibody to mediate lysis of the target cel. 
by complement activation and/or ADCC can be assayed. The 
grown and Labeled in Vm,; the antibody is added to the cel, cul ure . ; comb,na, 0 „ 
with either serum complement or immune cells which may be acuva ed by the 
2 igen antibody complexes. Cytolysis of the Urge, cells is detected by the release 
of Z from .he lysed cells. In fact, antibodies can be screened us.ng .he .en, s 
own serum as a source of complement and/or immune cells. The ant.body that .s 
own sei u.ii — j.„,:„„ *nrr in the in vitro test can then 

capable of activating complement or med.aung ADCC m the m 

be used therapeutically in that particular patient. 

Antibodies of virtually any origin can be used for this purpose provided 
.hey bind a HIV env epitope and can activate complement or med.a.e ADCC. 
Monoclonal anybodies offer .he advance of a con.inuous. ample supp ly^ In c^ 
lunhing mice with gp.60 establishing hybridomas rnakmg an^od.es o 
H,V env and selecting hybridomas making antibodies which can lyse .nfecte 1 
Tn TheTresence of human complement, it is possible to rapidly es.abl.sh a panel of 
antibodies capable of reacting with and lysing infected cells. 

^ When used in W» for .herapy. the antibodies of the subject .nvenuon 

are administered to the patien, in therapeutically effective amounts ( £ amounts 
that restore T cell counls). They will normally be adm.n,s.ered parentera lly. The 

: — »„. ^ * «*- « ~> ~ ; 

ch arac,erisucs of "J^JZ^E^ZZZZ* is 

thA natient and the patient s history. Aov<u»a 6 6 U 3 
index, the patient, ana v intravenously to treat cells 

administered continuously over a period of 1-2 weeks, intra 
nle vasculature and subcutaneously and intraperitoneal* to treat regional ymph 

immunomodulatory agent. 

For parenteral administration the antibodies will be formulated in a unit 
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dosage injectable form (solution, suspension, emulsion) in assoc.at.on w..h a 
phlrmaceutically acceptab.e parent, vehicle. Such vehicles are mhe^ntiy 
non oxic and non-.herapeu.ic. Examples of such vehicles are wa.er, sal.ne 
Ringer' solu,ion, dex,rose so.u.ion, and 5% human serum albumin. Nonaqueous 
v C uch as fixed oils and e.hy. olea«e can also be used. Liposomes may be 
^carriers. The vehicle may contain minor — of add. t^ such « 
subslances that enhance isotonicity and chemical stab.l.ty, e.g., buffers and 
p" ves. The antibodies wil, typically be formu,a.ed in such veh,les a, 
concentrations of about 1 mg/ml to 10 mg/ml. 

Use of IgM antibodies is no. currently preferred, since the antigen is 
highly specific for .he targe, cells and rarely occurs on normal cells. .gG 
molecule' by being smaller may be more able than IgM molecules to local.* ,0 
infected cells. 

There is evidence that complement activation in vivo leads to a variety 
of biological effects, including the induction of an inflammatory response and .he 
a «lon of macrophages (Uananue and Benecerraf, Te» b oo k •/ £ 
2nd Edition, Williams ft WilKins, p. 218 (.984)). The increased vasod..a,.on 
a company! S inflammation may increase .he abili.y of various an.i-A.DS agents 
" ZL in nfected cells. Therefore, antigen-antibody combinations of the type 
specified by .his inven.ion can be used ,herapeu.ica,,y m 
Addi.iona.ly. purified antigens (Halcomori, Ann. Rer. Inmm*. 1 « " 
an.i-idio.ypic antibodies (Nepom et at., Proc. Natl. Acad. Sc. 81.2864 (1985), 
Koprowski el aU Free Natl. Acad. Sc, 81:2,6 (.984), re.ating ,0 such antigen 
cou'd be used .0 induce an ac.ive immune response in human parents. Such a 
CI incudes the formation of anybodies capable of — g uman 
complemen. and mediating ADCC and by such mechamsms cause .nfec.ed cell 
destruction. 

The antibodies of .he subject invention are also useful in the diagnosis 
of HIV in test samples. They are employed as one axis of a sandw.ch assay for 

direct, another sterically-free epitope of HIV snv of unchpped HIV ejw For 
s : ome embodiments of sandwich assays the ,0 F 6, . 105 or 10D8 auti od, 
or its equivalent is bound to an inso.ubilizing support or « labelled w «h 
d , Ible moiety following convention, procedures ^>'\"^ 
antibodies. In anoti,er embodimen. a labelled antibody, e.g. labelled goa. 
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t. , n « was or 10D8 antibody is 

employed to detect HI v gnv u 
previously known per se. 

T» antibodies of this — ^'^rZ 
panning the cup * are - ^« jStSS---^ 

comprises the '"^.^ epitope spanning .he dip site for a 

^^ Mi T^oZTLl antibody-bound HIV « 
time sufficient to permit formation fromanyH IVenv which 

preparation; second separatin, ^".ipped HIV „ from said 

3sr« — ; rrirarrinX;: 

i:r:n b ense d for,s„ 

^ antibody compositions used in therapy are f— a and dosages 
*^*^^^JZZZZ?Z. the site of 

infra. 

In order ,0 facilitate understanding of the fo„owin g examp.es certain 
fr ea.uen,.y occurring methods ana/or terms will he described. 

, ■ ..rfhv a lower case p preceded and/or followed by 
^mids-aredes 18 na,edby^.ow«c P ^ ^ ^ ^ 

capital letters and/or numbers. IT* » f ^ or CM „, 

commercially available, Pubiic.y « » ™ In 

constructed from available plasmids in accord P ^ ^ ^ 

addition, equivalent plasmids to those described are 
apparent to the ordinarily skilled artisan. 

• ,„ it is preferred that these plasmids have some or all of the 
I nP ar, 1 cular,.. B p«fer ^ hos ,. orgams m 

following charactenst.cs: (D P«» ^ prese „ t ta a 
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, t ««, DNA sequence coding for a selectable trait present on a portion 

"r^enU^on an. these vectors are also contemplated a, be.ng 
within the scope of this invention. 

■Digestion- of DNA refers to catalytic cleavage of the DNA with a 

restrlcti on tha, acts on,, a, certain ~ 

friction enzymes used herein are commercally 

conditions, cofactors and other recrements were used „ 
o— *» artisan. ^^^^^ 

"^r-rx^si^ — - — b — - 

solution. l-or tne purm» enzyme m a 

really 5 ,0 5 0 ,s of ^JI^JIZI" for particuiar 

polyacrylamide gel to isolate the desired fragment. 

Size separation of the cleaved fragments is performed using S percent 
polyacrylamide ge, described by Goeddel, D. « a,.. »»• «• 

(1980). 

■PGR" (polymerase chain reaction) refers ,0 a technique whereb y a piece 
• vrJ Oligonucleotide primers which correspond to the 3 and 5 

primers. 

"^phosphorylation" refers to the removal of the terminal 5' phosphates 
' th bac Lial alkaline phosphatase (BAP). This procedure prevents 
*t~^-^^ Q a DNA fragment fr0 m -circularizing" or 
the two restriction cleaved enas ano ther DNA fragment at the 

forming a closed loop that would impede insertion of another DNA 



41 

c633.ap 



restriction site. Procedures and reagents for dephosphorylation are conventional. 
Maniatis, T. et al.. Molecular Cloning pp. 133-134 (1982). Reactions using BAP 
are carried out in 50mM Tris at 68'C to suppress the activity of any exonucleases 
which are present in the enzyme preparations. Reactions are run for 1 hour. 
Following the reaction the DNA fragment is gel purified. 

"Oligonucleotides" refers to either a single stranded polydeoxynucleotide 
or two complementary polydeoxynucleotide strands which may be chemically 
synthesized. Such synthetic oligonucleotides have no 5' phosphate and thus will 
not ligate to another oligonucleotide without adding a phosphate with an ATP in 
the presence of a kinase. A synthetic oligonucleotide will ligate to a fragment that 
has not been dephosphorylated. 

"Ligation" refers to the process of forming phosphodiester bonds between 
two double stranded nucleic acid fragments (Maniatis, T. et al... Id., p. 146). 
Unless otherwise provided, ligation is accomplished using known buffers and 
conditions with 10 units of T4 DNA ligase ("ligase") per 0.5 M g of approximately 
equimolar amounts of the DNA fragments to be ligated. 

"Filling" or "blunting" refers to the procedures by which the single 
stranded end in the cohesive terminus of a restriction enzyme-cleaved nucleic acid 
is converted to a double strand. This eliminates the cohesive terminus and forms 
a blunt end. This process is a versatile tool for converting a restriction cut end 
that may be cohesive with the ends created by only one or a few other restriction 
enzymes into a terminus compatible with any blunt-cutting restriction 
endonuclease or other filled cohesive terminus. Typically, blunting is 
accomplished by incubating 2-15 m of the target DNA in lOmM MgCl 2 , ImM 
dithiothreitol, 50mM NaCl, 10mM Tris (pH 7.5) buffer at about 3VC m the 
presence of 8 units of the Klenow fragment of DNA polymerase I and 250 mM of 
each of the four deoxynucleoside triphosphates. The incubation generally is 
terminated after 30 min. phenol and chloroform 
extraction and ethanol precipitation. 

It is understood that the application of the teachings of the present 
invention to a specific problem or situation will be within the capabilities of one 
having ordinary skill in the art in light of the teachings contained herein. 
Examples of the products of the present invention and representative processes for 
their isolation, use, and manufacture appear below, but should not be construed 
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c»,, U res Have been deposited with the Arnerican Type 
Culture Coi.ec.ion, .230. Park.aw„ Drive, MA MD. USA (ATCC). 



A-rrr Den. No. n^pn^it Date 




Tfcese deposits were nrade under the provisions of the Budapest ^Treaty 
o„ the .nternationa. Recognition of the Deposit of 

of Patent Procedure and ^ P—n . CBuda p.. Treaty^ 

r^rr. - — under the terr^f ,he B^es, 

flH Trademark s to be entitled thereto according to 35 USC 
and TrademarKs iu . h partlCU i ar 

Commissioner's rules pursuant thereto (including 37 CFR §1.12 

reference to 886 OG 638). 

a license to practice the invention in contravention of the nghts gra 
JZZ, of an, government in accordance with Us patent .aw, 

The foregoing written specification is considered to be sufficient to 
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*hle one skilled in the art to practice the invention. The present invention is not 
enable one skilled v ,„ nn <; ted sinC e the deposited embodiments 

Z^ZZZZJ* » within the scope of this invention. The deposit 
If mlriafh rein del no, cons,i«u,e an admission .ha, ft. wri.«en desenpnon 
U ^,ua,e ,o enabie ,he prae.ice of any ^ <* £ 
Wntion including the bes, mode .hereof, nor is i, ,o be construed as hmmng .he 
Te^ fte l"m o .he specific iUus,ra.ions ,ha, ,hey represen,. Indeed, vanous 
Zrl ^ TZ nven,ion in addi,io„ ,o ,hose shown and described herern 
^re apparen, ,o .hose stilled in *e ar, from ,he foregoing desc„P„on and 
fall within the scope of the appended claims. 

EXAMPLES 

fv a x,pt V 1 CHIT TP * NTF 17 rnKV. STUDY 

Previous literature reported that chimpanzees immunized with 
recombinant gP 120 (r gP 120) developed humoral and cellular immunity ™ 
d erived protein, but that vaccination with this preparation failed to p^vide 
• r htv 1 infection in vivo (e.g. Berman et al., Proc.Nat.Acad.Sci.USA 
protection from HIV- infection in vi s c urDrisi ngly our present study 

85-5200-5204, 1988 and other references, mfra.. Surprisingly, ou p 
demonstrates a vaccine which did provide protection., 

The proteins used in this study were purified « 
recombinant protein expressed in mammalian cell culture and adsorbed onto 
aluminum gel. 

The rgpl20 pro,ein (Fig. 3A) consist of .he gP .20 "-^"^^ 
1 envelope glycoprotein fused ,o a short N-erminal sequence of .he herpes 
imp^ Ius glycoprotein D .0 faci.i.a,e expression. The sgp.60 pro«em « a 
ST of *Z wherein ^^Z^Z^T^ Z 

CD4, .he cellular receptor for HIV-1 , with high aff.mty. 

The immunogens used in this study, rgp!20 and Sgpl60 were purified 

44 

c633.ap 



•or difference between the gp!20 used in this study and previous stud.es ,s tha 
T I studv «ed gp.20 which was no, pro.eo.yzed. Evaluation of tnatena. 
TTJS^ZZ. shows tha, approximate,, 50 % of the .p.20 » 

have determined that this proieoiy* m this study, we used 

assssassKM: » ? * 

proteolysis at this position. 

,n the present study, two chimpanzees were immunized with the 140- 

expressed in <~^£^J%^ ubA adsorbed onto aluminum gel. 
(Herman et al., Science 277.1490 492 )). ^ at a 

Specifically, animals were immunized with 1 ml of a prepar 
dose of 300 of Protein per animal per immunization. 

All antigens wereformulated in an^^ 

Auanugc RS .oOO-5204(l988)(0.5mg/mlof Al ) 

(Herman et al.. Proc. Natl. Acad. Sa. USA 85^200 5204 ( n 

ml/site). 

B!ood samples were taken from each anima. at bimonthly « 
„ * of assays Besides immunological assays (e.g. anttbody ttters 

7Z-^^:=tZ: -on, serum 
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enzvme levels or blood chemistries resulting from immunization with these 
p Is tus concerns that immunization with r gP 120 or s gP 160 might lead to 
T^ard side effects (e.g. immunosuppression or autoimmunity) could not be 
validated by these studies. 

After ,h= primary immunization, a .ow .eve. of antibodies to sgp .60 but 
„„, rgp.20 were detected by commercia. (Dupon. or Biorad) H.V-. —bio 

or a commercia! (Genetic Systems) HIV-. anfbody tes (EL.SA • A second 
immunization at four weeks elicited a moderate humoral and cellular munune 
Tbmh of the HIV-1 derived immunogens that could be detected m a 
response to both of the HIV oe immu noblot 
liauid phase radioimmunoprecipitation assay (RIP) (F.g. W a 

X m* "°< *«* *» ~ » EUSA ' ^ third tamU — as in 
Zl (seven months Mowing the second, resulted in a marked mcrease .n 

Inttdy titers apparent in all three antibody assays (Figs. 6 and 7). Immunob o 

an ^(Fig. 7) of the serum collected three weeks after the las, boos, week 3 ) 

h w d ha. *ie that received rgp.20 reacted strongly with H.V- gp.20 a„dt 0 

tier „ten< with gp!60. Animals immunized with rgp!60 reacted, as intended, 

;r -ir lee, * ^ - — eviden, * — = 

antibodies reactive with proteoly ^Z^l^^ 
immunity as indicated by the ability 01 rgpi^u 

pToTf^on, could b. detected a, this time in the rgp.20 and sgp.60 .mmunrzed 
animals but not in the control (Table 2). 

The increase in antibody titers to rgp!20 and Sgpl60 observed after the 
third immunization was coincident with the appearance of neu.rahz.ng ant.bod.es 
R beZ e, J. VM. 20:195-202 (.9*8)) (Fig. 8A). The ..me 

Zted .0 a«ain .he peak neutralizing titer varied from two to four weeks af er 
Zt g. however no significant difference in the magnitude o the peak „ 
neu racing titers was detected between those animals immunized w. h rgp.20 and 
^ .60. One anima. from each group exhibited peak neu,ra„z.ng ..ten , of 
I 40 whereas the remaining animals in each group possessed peak ,.ters of l.m 
sfg»™ *ese neu,ralizi„g responses were far greater than those observed 

Sri:: :t= nrrsrf r: 

magnitude greater than that previously observed. 
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20 



25 



30 



35 



Based on the significant levels of neutralizing antibodies, we proceeded 
„i,» a virus chanenge of these animals. All five animals were intravenous y 
injected three wee* after the final immunization (week 35), with approx.ma<ely 
«u culture infectious dose units (TCID M ) of virus derived from a standard 
nolm of the HIB isolate of H,V- 1 (kind,, provided by Dr. U Arjhu, « 
Cancer Institute. National Institute of HeaKh, Bethesda Maryland, USA) that h* 
Ln used for many other chimpanzee infectivity studies (Arthur « A .supra, nd 
Prince - a,., supra, The envelope protein from this isolate > 
amino acid seouence with that used to produce the rg P 120 and sgp 60 
immunogens. described above. The amount of virus was used ,n thts study was the 
reforallchallengedanimalsand corresponded to approximately ten ch,mpanze 
infectious doses (CID H > Blood was <aken from the animals a. b.monthly .nterva, 
and was subjected to a battery of assays to detect viral infect.on. 

After virus challenge, the magnitude and the duration of the anti- 
r 8P !20 antibody response in the rgp!20 immunized animals differed markedly 
from the other animals in teh study. The titer of anti-gp>20 anubod.es m these 
llals as measured by RIA did no, increase after virus challenge bu, _«h , 
progressively declined to baseline values (Table 2). In contrast, , e tr.er of an - 
gpl20 antibodies in the animals immunized with sgp!60 modestly decl.ned fo 
proximately 7-8 weeks after virus challenge, then increase to . ™«^ 
higher than the peak achieved by hyperimmunization, and then .eve ed off at an 
in ermediate titer. These results suggested that HIV- . challenge of eh s p 60 
immunized animals resulted in viral infection and the products of s~ 
protein to stimulate an anamnestic immune response. The observauon that the 
of antibodies ,0 S pl20 in the rgp.20-immunized animals did not .ncrease ate 
chalienge, but in fact disappeared with time, suggests that a products .nfecuon 
did no, occur. Antibodies reactive with rgp.20 were detected in the control ao.mal 
ty RIA a, .6 weeks pos, challenge, indica,ing ,ha, ,his animal also became mfeced 
with HIV- 1. 

Analysis of these sera by ELISA using commercially available HIV-1 
antibody assay (Fig. 6B) showed a pattern of activity that differed form that 
£ 2 J-Jo - m this assay, antibodies to HIV-1 were detected 
on v after the third immunization, and the antibody response presen was 
Z££~~ ^ the r gP 160-immunized animals than in the rg P 12 I «u— . 
Th* difference reflects the fact that the commercial HIV-1 anybody assays 
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, y pical.y possess less gp!20 than g P 41. Sera from .he sgp.60-immunized animals 
lave a strong reaction in this assay because they contained ant.ood.es to gp41 as 

a *u an increased to a level similar to that ottainea oy 

declined to baseline values by 7 weeks post challenge (Table 2 «^ 
result further demonstrated that there was no. sufficient repl.cat.on of HIV-1 >n 
T g O-immunized animals .0 e.ici. an immune response .0 any of .he v.„ 
a" ig ns con.ained in ,he HIV- 1 an.ib.dy assay. The con.rol an.ma ™ti« 
L this assay a. .he .ime of challenge, bu. became pos.uve .n response .0 ™rt 
nf^a, 13 weeks pos. challenge, indica.ing tha. .his animal became .nfec.ed 



with HIV-1. 



.mmunob.o. analysis of chimpanzee sera showed .ha. a, .he ..me of 
challenge .he sera from .he rgp.20 and sg pl 60-immunized ammals posse sed 
anrt X .0 .he HIV-1 enve.ope g.ycopro,ei»s, bu. no. .0 .he cere pro.e.ns . £ 
M, p24 and P 55>. Serologic evidence of HIV-. infection .n ,h, .wo s g p>60- 
mmu»i M d animals was firs, no.ed a. 5 weeks pos. challenge where a fa.n. 24 
Id ppeared (dm no. shown). An.ibod.es «o p!7 and p55 became apparen. a 
w rr ( Table 2 Fig 7). Antibodies <° P24 were firs, de.ec.ed .n .he sera of 

„17 o55 and gpl20 could be detected at later dates. In.erest.ngly, the mtens.ty 

1 anldy response ,0 H.V-. structural proteins (e.g. p55, p24 and p.7> - 
fir area er in the sgp>60-immunized animals (Fig. 7) than ,n the control 

challenge, bu. had largely disappeared by 13 weeks pos. challenge (F«3. 7 . 
SUnmcantty .he animals immunized with rgp!20 have no,, as of 26 weeks pos. 
"reconvened ,0 any of the H1V-. encoded proteins o.her .ban gp!20. 
suggesting .ha. .hey were resis.an< .0 HIV- 1 infection. 

Changes in .he concen.ra.ion of .cubing antibodies af <er HIV-1 
challenge paralleled those seen in ,he an,i-gp.20 ,i.ers (F.gs 6A and 7). Thu, he 

2 week immunization dieted a high level of neu.ral.zing antibod.es ,n ,he rgp, 
L sg p,60-.mmunized animars which persis,ed .hrough ,he time of HIV 1 
1 ,1 ge a. 35 weeks (Table 2). The neutializing ti.ers in .he rgp,20-.mmun.Zed 
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, W oeak titers by the time of virus challenge and the n steadily 

,, 280 b, ,3 weeks post challenge Ne u,ral.z.n, an assays provideS 
the co..ro. unti. .7 weeks post OaUeng ; ™ - ^ ° 20 . inmunizea anima ,s 
further evidence «ha, HIV-1 did no. repl cate m to rgpl 
D »« did so in to con.ro. and .he sgp.60-.mmnn.zed ammals. 

Vir »s co-cu.ava.ion s.udies were carried ou« in order .0 de<enn*e 

w hetor v^e virus cou.d he ^^V^-Z^S 
fflV , couid he recovered from to co . . ^ (mm either of 

at 6 .7 weeks pos. ^^l ^ up <o 6 m„n.hs pos. challenge. Further 
.he rgpl20-immumzed animals a. any am p 160 . lmm „„ized animals 

animate hy HIV-1. 

,-nce to levels of neutralizing antibodies present in to rgp.20 and 

animals were V"'^™™, '^een the two groups of animals is that on 
in suscep..b,l.<y to HIV-1 .n ec«.° .. immunized animals had slightly 

lower neurnhzauon oters Oe. l. , ^ present 

exhib i,ed — ^ ^ imUce. *» - da. suggest 

on ,he ac«ua. da of - ^ 0 „ „ we COB ^ t- 

posn.la.ed .ha. other factors may be involved. 

A dd,ona, stndies were carried ^'J^^^l 
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■ ortan, role Previously, (Herman e, al.. J. KW. 63.3489-3498 (1989); Lasky 
an „npor«n< 01. Pre o y ^ r8p[2o ^ sgp)60 were both 

immunogens posted am.bod.es that W ^ „.,„ neutraliImg titer 

rgpl2 „ and wgp.oO ^ ^J." ^ known to 

/.Kiro/. 62:2104-2114 (1988)). 
todies .o 

corpora,! ng a synthet* MND pe ^ ^ compared , we 

When sera form .he qp.120 and «P mly beWMn 

found that anubody b.nd.ng to the MOT P=P ^ was 

*T^*^ to the MND in ,he 

3lm Ti— d ^ rgP 20, compared to those immunized with sgp,60. 
ammals .mmunrzed w.th gp ani which had the lowe st 

Especially interesting was the observauon tna 

anti-gp.20 titer by R1A, had the highest ,..er to he MND ^ - Mlts ,„ 
infection. Thus, the correlation ^'^Z Z^ - - 

between neutraliling antibodies and protection. 

The difference in the formation of antibodies to the ™>«>» 
a— le ,0 the -r-^^SS 

since the clip site, m w» proteolysis 

sssr. rsrr-- ■— - 
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appeared in the control animal at 15 weeks post challenge. 

Another significant result of these studies is that there are a. least two 

7 nlTo'n 1 pr sete of — ,0 £ MND is supported by the data for 
— animals, we cannot he certain tha, the lack of protecuon ,n 
the rgpi^u antibodies to the MND. 

nhan e" her than inhibit viral infection * Wrro (Hotnsy « 24*1 
r 3 r ,9S9) Vinson « t— >™-794 <" 88 >- A " T* 

*w the animals immunized with sgpl60 (x-247 ana x *oi; 
ob serva„on that the an-ls ^ ^ ^ the 

: r Z; 2« whi I s r n V P ert ed at 1 . weeks post chaHenge (Table 2), and tha, 
l — of - immune response, as *— "» * — £Z Z 

fl/ Proc. W. USA (in press))that was present on the sg P 160 

immunogen, but not the rgpl20 immunogen. 

Several factors may account for the success of rg P 120 ^ 

.h t« our orevious study (Berman et aL, supra) where rgpl20 failed 
^»<»^?™*^?J^ one significant difference was that 
to provide protection from , immunization protocol, 

the animals were immunized according to an optim 

whereas previously an immunization rgpl20 US ed in 

studies was employed. Another important difference ^ 
u r.r ,tndv was only 50% pure and was approximately 50% clipped, wn 
the earlier study was omy ™ v c i; DDe d (Figure 3). A third 

the rgpl20 employed in the present studies was < 5% clipped V g 
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difference was that in the previous study the animals were challenged w th 100 
difference was ^ ^ study ^ animals were 

TCID 50 umts(25CID 50 )ofHIV l, a final explanation for the 

rhalleneed with 40 TCID50 units of virus (10 CID 50 ). A mai v 

challenged wmi previous study relates to the 

confer some significant level of protective immunity. 

-♦«. fir<:t rerjort to our knowledge, of a 
This application represents the first report, iu 

H*Hnt<» AIDS vaccine that has succeeded in protecting chimpanzees from HIV- 1 
is effective in an adjuvant approved for human use. 
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Table 2. Immunologic and Virologic Characteristic Of 
Chimpanzees Before and After HIV-1 Infection* 



■ - CONTROL - 
x246 



-- SGP160 -- 
x247 x261 



--RGP120-- 
x262 x265 



1. Anti-gpl20 Titer 

2. Antibodies to gp41 

3. HIV-1 ELISA Titer 

4. Proliferation to rg 

5 . Neutralizing Titer 

6. CD4 Blocking Antib< 

7. Anti-MND Titer 





4.3 


4.3 


4.8 


3.9 




+ 


+ 






<2400 


6400 


25,600 


3200 


400 


0 - 


+ 


+ 


+ 


+ 


<10 


160 


160 


320 


640 


s <1 


2.2 


2.5 


2.5 


1.7 


<10 


145 


149 


491 


844 



25 



30 



35 



II. 



• After HTV- 1 ffriallenge. 



1. 


1ST Cocultivation of HIV-1 


6 


6 


2. 


Time to anti-p24 (wk) 


11 


5 


3. 


Time to pl7 (wk) 


13 


5 


4. 


PCR (53 wk) 


+ 


+ 


5. 


HIV-1 ELISA Titer (60 wk) 


800 


3200 


6. 


Neutralizing Titer (60 wk) 


10 


80 


7. 


Proliferation to rgpl20 




+ 




(60 wk) 






8. 


Anti-gpl20 Titer (63 wk) 




3.2 



7 
5 
5 
+ 
6400 
80 
+ 

2.9 



<400 <400 
<10 <10 



. , h T» Table 2- Antibody titers » SPl20 were determined in a liquid phase 
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Antibodies tha, "7; 0 ^:"Lo„ Unions. HIV-1 EUSA 

previously, data represents the log of en p descri p,ion 
tiK rs were determined in a - " 

of Pig. 6B>. The cocu— ..J an ^ ^ ^ 

lymphocytes to rgp!20 was earned o e( Jupr() . 

neutralizing antibodies were measured by the method ot 

■ ,„ Fi= 81 Anti-MND titers were determined in an ELBA assay 
(see desenpuon to F,g_ ». An ^ ^ rf 

as described above. PCR reacuvty (Acaa emic Press, New 

and Kwok, in PCR Protocols (Inms « a/., eds) 3 I d 

Vorl, 1990). Briefly, frozen ^^^..p,. of 

the DNA was phenol-chloroform extrac ed and e*ano ec p^ ^ ^ 

SK70 end labeled with gamma a^U ^ ^ ^ ^ 

10 % acry.am.de mtrngei tn JBE butter. m CHQ cell 

„ x . ray fi,m. ~ Ud for their ability to be amplified 

line expressing gpl60. DNA sam P « nn .: t ive for HIV-1 if the 

using probes to beta globin. Sample were considered positive 
la beled primer hybridized to a band of 141 base pairs. 



. rill , nrtrr : n r ;,™ nf Mnnocl™* 1 Antibodies. 
1 nation and Chara ct i m ~ ^ ^ 

Chinese ~ ^^J^^ by affinity chromatography from 
et «/., Science 223. 209 U*so;,anu f . d683 dC .9 cell lines 

g row.h conditioned •^tS^r.^^-^ 
described prevtously ThesoluWe orm ^ ^ 

cytoplasmic tail. 

Pnr ELISA assays a g P 41 fusion protein (LE41) consisting of an amino 
For EL SA assays a gP ^ ^ from ^ ammQ 

terminal fragment of the Trp E gene ^ 
terminus of g P 41 was expressed in E. coh and pun 
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* 

Reduced and carboxymethylated rgpl20 and sgpl60 were prepared by dialysis of 
sgpl60 and rgpl20 into Tris/HCl buffer containing urea and EDTA. DUhxothrenol 
(DTT) was added to yield lOmM final volume, and the proteins were nnxed four 
hours at room temperature. lodoacetic acid was added to 25mM final volume, and 
the samples were dialyzed into ammonium bicarbonate buffer. These protems 
were used to coat ELISA plates at 1.0pg/ml, and the purified monoclones screened 
in a standard ELISA protocol. 

Both soluble forms of the HIV env protein were affinity purified and 
then used to immunize commercially available Balb/c mice for the production of 
monoclonal antibodies (MAbs). Each mouse was immunized with 20„g of rgpl20 
or sg P 160 (683AC.7) intraperitoneal* (i.p.) or intravenously (i.v.)and boosted three 
days prior to fusion. The mouse with the highest antisera titer was selected for 
fusion. The mouse myeloma line NP3x63-Ag8.653 was fused with spleen cells m 
a 4-1 ratio using 50 % polyethylene glycol, although other commercially available 
myeloma lines may be utilized according to established procedures. Hybnds were 
selected for growth with media supplemented with hypoxanthine and azasenne. 
Positive parental supernatants were identified by screening individual welh ; against 
rgP 120 or sgpl60 in a solid-phase enzyme-linked immunosorbent assay (ELISA). 
Reactive wells were expanded, cloned by limiting dilution, and the hybndoma 
cells injected into pristine-primed Balb/c mice. Ascites fluid was collected, 
pooled, and purified by protein-A column chromatography. 

Ten stable monoclonal antibody producing cell lines against 683DC.7 and 
eleven cell lines were produced over several fusions. They had been imUally 
screened by their ability to bind recombinant gpl20/gpl60 in sohd phase ELISAs. 
Seventeen of the MAbs reacted with g P 120, while the remaining reacted with the 
g p41 portion of the molecule. Solid phase ELISAs were performed as follows: 
ELISA microtiter plates were coated with recombinant sg P 160, rgpl20, or LE41 
at 10 pg/ml. After blocking with 0.5% BSA/PBS (bovine serum 
albumin/phosphate-buffered saline), 100 ,1 of purified antibody was tested at a 
concentration of 10 Mg/ml following a standard ELISA procedure. 

Subsequent assays were performed to titrate relative strength of binding 
of gpl20 to CD4, and to determine relative affinities. Purified antibody was 
titered against rgpl20 or sgpl60, and the half maximum O.D. was calculated from 
a titration curve (results not shown). 
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Additional,,, an antigen capture assay was used ,o select W*J™ 
„♦ nor The striDS were washed ana laoeuea wnu * 

o".";::: « «» " were 

waiL Jrolen apar, and coun t ed on a gamma counter 0— - shown,. 

Nineteen of the MAbs were of the l8 G! isotype while the remainin g two 
,,G2a Isotypes were determined by MonoAb-ID EIA tat available ron, 
were!gG2a. Isotypes we accordin g ,„ the vendor's protocol for 

Zvmed (South San Francisco, CA, USA) according 
fsoType determination. Plates were coated with gp.60 a, 1.0 „g/ml. 

results. Based on western data, ELISA assays ^ 

(rcm> r^r^r^ ™ u - wnd to a 

e'ZloU it does retain some reactivity on western blo, 
analysis. Methods and results are as follows. 

, western—. ^ 

useful in the initial mapping of the epitopes. 

2 Epitope Cross-Competition ELISA: The MAbs were tested for their 
ability to "or epitope binding sites on both t = and proteins. 

elisa - — - 

blocking with BSA/PBS, 50 /u P each antibody 

was washed, substrate added, and read to 490 nm. 
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3 Lambda gtll Mapping. A library was constructed containing 
andomlv expressed portions of the g P 160 precursor fused to beta galactose. 
TT Ve 3 5 Tb H-^LV-IIIB gpl60 region was treated with increasing quantities 
Briefly, the 3.5 kb HTLV gP ' „ g038) blunteQ wit h the Klenow 

nf DN Ase I (described in copending u .b.a.r* 1 . u ' / HHOUJ 

^Tof DNA polymer and 4 deoxynucleot.de triphosphates, and hgated to 
S^SL-* The materia! was tun on a 5% acrylamide gel and 

Ug a,ed ,o , , 8 of .ambda gtl . ^^ZX^^A » 

packaged in vitro and amplified in E. coh 1088. The norary 

independent phage. 

The Horary was screened by plating approximate., 4 x 10> phage onto 
ir „ll Y1090 ce..s After plaques developed, a nitrocellulose finer impregnated 

sr:«- .... .•«»•» <•-«- -i— « -» - 

mouse antibody. 

Positively reacting phage were plaque purified, and the DNA was 
■ i«,d Double-stranded lambda DNA sequencing was carried out at 50 e C with 

beta galactosidase gene specific oligonucleotide primers 5 
^GACACCAGACCAACTGGTAATG-3-(reverseorcarboxy-.erm 1 nus)and5- 

ItGGGGA^GGTGGCGACTCCTGGAGCCCG-3- (forward or am.no- 
observed DNA sequence resulted in the coordinates of the .nserted 

g P 120 fragment. 

4 Peptides: Peptides from various regions of gp.20 were either 
• * -.l„d bv affinity purification of various digests. The peptides 

antibodies, ooai react ivity of monoclonal antibodies with 

iodinated Protein A was used to probe for reactivity 

the peptides. 

5 RCM 160/120: The MAbs were screened by ELISA against reduced 

1^1 RCM) g P 160/120 to determine if they reacted with linear or 
carboxymethylated (RCM)gpl60/ 

conformational epitopes. 683AC.7 and rgpi dded 

„ o«h FDTA The following day, dithiothreitoi (uii) w<» 
containing urea and EL>ia. im» 
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Km pera.ure. Io.oace.ic a, « « ^ Kyield 

„ere mixed 30 minutes m the dark. DTt T he proteins were 

a „d the samp.es were dialed tnto - screened in a standard 

used to coat EL1SA plates at 1.0 eg/ml. and the M 
ELISA protocol. 

Results of the epitope mapping are summarized in Table 3. 



MAb 

1D10 

1F9 

5B3 

5B6 

5B9 

5C2 

5D6 

5G9 

6D8 

6E10 

7F11 

7G11 

9E3 

9F6 

10C1 

10D8 

10F6 

11G5 

13H8 

14F12 

15G7 



table.!* 



Pe2tides__^CjUlPja20 



120k, 75k 
120k, 75k 
120k, 75k 
120k, 75k 
120k, 55k 
120, 55, 35k 

120k, 55, 
120, 55, 35k 
120k, 75k 
120k, 75k 
120, 55, 35k 
129, 55, 35k 
160k 
120k, 75k 

160k 
120k, 75k 
120k, 75k 
120k, 75k 
120k, 75k 
160k, 41k 
160k 



G 
L 
G(A) 

J(A/B/D) 
J(D) 



a. a. 65-85 
233-274 
60-120 



HSV-gD25 



+ 
+ 
+ 
+ 
+ 



K 
B 
J(D) 
J 

H(C) 

L 
D(E) 

A 

A 

A 

F(D/E) 
E(D/C) 
C 



390-439 


421-432 


+ 
+ 
N.D. 


86-115 
60-320 
431-448 


413-457 


+ 

+ 
N.D. 


542-573 
240-275 




+ 
+ 
+ 


410-453 


301-324 
301-324 
301-324 
412-457 


+ 
+ 
+ 
+ 
+ 



• * „«i™ All others were raised against 
* MAbs in italics were raised agamst gP 120. All 
683AC.7 (gpl60). 
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To further explore .he specificity of these antibodies, and ,0 control for 
* noss Jto that the preferential reactivity to g P 120 or g pl60 might represent 

r « — — — - ^r^rtrre 

srzr^r^-*- a - d " with *° rtdt 

ITbZ The resulUng antibody antigen complexes were then absorbed to 

rued by 

Tone or more of the sera tested, a HO ^ , 
1 P w all0 _ 120 kD band corresponding to rg P 120, and a 75 kD 

corresponding to sgpl60, a liu wukw S g P i60. 

SKSSWSSS--3-SSS 

bemeen gP 41 and gP .20. Thus i, is conceded that the selects observed couid 
not be attributed to an artifact in the ELBA format. 

'dies inhibited the binding of gp,20 to the 

TTZZ were performed according to the following procedure, 

, CD4/gpl20 binding: Monoclonal antibodies were tested in a solution 
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n? oht at 4-C Soluble CD4 was added for one hour at room temperature, and 
Z^Z ^ - transferred to the U,,- ;: =r 
CD4 was detected with a horseradish-peroxidase-conjugated ant-CD4 an .body 
Su3a HKP). If <heCD4/120 binding site was blocked by a gpl W .20 anUbody, 
loTbTe CD4 would bind ,0 the plate and would be detected by the pero*.dase 
conjugate. 

2 Syncytia Inhibition Assay. Monoclonal antibodies were tested for 
,heir ability to inhibit syncytia formation with HIV(IIIB> infected cells accordmg 
to known protocols. 

3 Reverse Transcriptase Assay: Monoclonal antibodies were tested for 
,„ neutralisation of H,V in reverse transcriptase 

various dilutions of antisera were incubated with a stock solutton of the IBB . o,a« 
of HIV- 1 The antibody-treated virus was then added to a culture of H9 cells as 
rev Ly described in the literature, and after seven days of culrure , e reve^ 
Lscriptase-specific incorporation of thymidine was measured. Of 10 anubod.es 
ed our were found to inhibit H.V-1 infectivity in this assay. Greatly reduced 
vl lf reverse transcriptase activity in infected CD4 + T-lymphocyte culture 
Vindicate neutralization of the virus by the monoclonal anubody. A = 
result indicates greater than 50% RT inhibition a, a m.n.mum 1.10 d.lu..on 
(approximately 50-100 /ig/ml). 

Results of these assays are summarized in table 4. 



c633.ap 



60 



TABTJE 4* 



pt Assa-y 




MAb 



1D10 

1F9 

5B3 

5B6 

5B9 

5C2 

5D6 

5G9 

6D8 

6E10 

7FU 

7 Gil 

9E3 

9F6 

10C1 

10D8 

10F6 

11G5 

13H8 

14F12 

15G7 



Inhibits 



Inhibits 
Inhibits 



Inhibits 
Inhibits 
Inhibits 



Inhibits 



Inhibits 
Inhibits 
Inhibits 



Inhibits 
Inhibits 
Inhibits 
Inhibits 



Inhibits 



• H acainst gpl20. All others were raised against 
* MAbs in italics were raised against gpi*i 
683&C.7 (gpl60). 

«^ the twenty-one —a, ^^^^ 
epitopes of SP.60. nine have identfied <^££££ — ° f 
aLab.e assays. Six of these anubod, e J n(1 , region of gpl2 0 

th ese six, three anti-r B p!20 and .one , »£7MA ^ ^ ^ 

that wa s defined as rid- ^^tade ^ ^ * 

b ,oc«n E antibodies 6E10 »f 5 ^ s e QueIlt ia. proximity «o the ear.ier-reported 
W „d regions «"«h are not n = °< < or tnrough some other 

CD4 binding reg.o«. Whethe r ty ^ , furtner 

inaction is knot known. The utter. s ^n . n ^ ^ 

— * - tr P :rr*r — - — - — 

transcriptase assays. It is possioie 
of g pl20 critical for infectivity. 
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a 2 4 amino acid region ^"^'^^lU. >«■ «~ «*» 
published reports (Matsushrta e, al., J V.«k K, ^ ^ 

the syncytia inhibition assay in C e / in neutralization is no, 

region. Exactly how^ re^« o ^ ^ ^ 

understood, however, .. . known ^ ' ' ° ^ ciK (at ami „o acids 

More importantly, this region spans ft 8 > region, are used to separate 

„„, clipped gpl20 when a preparation of unclippe 

0th er monoclonal ^^^^^ 
served among the different ^ZIZ ^^ ™ ~ 
t0 ftese regions. Althoug ^^Z^ functional activity. This 
epitope, only those raised against sgp 10 co „ fon „ational structure 

suggests that the 683*0.7 molecule may preserve 
essentia, for the generation of neutralizing MAbs. 

„ our studies we explored the cross r^ctivi. - 
gainst the „.B isoiate of H1V-. ^ ^ ^ cross activity data 
ha s been determined for a ^ , he ^ ge „es of 

mi6h , be useful in ^ s0 . „ insert a stop codon near 

five diverse isolates of H V- were m ^ ^ ^ ^ the 

the authentic terminus of gpl20. '° glycoprotein D of herpes 

signal sequences were deleted and * these isolates with 

simplex virus type 1 as ^^Z^o ways: in a do, blot assay 

z^^jzxz* — - — - - in a 

radioimmunoprecipitation assay. 

. the reactivity of the monoclonal antibodies with authentic 
To measure the reactivity p „ rchase d from Dupont were 

HIV-1 derived viral proteins, immunob o « tnps P ^ ^ ^ 

used, in these studies .0 ,1 of ascite, , we« d » ^ The s „ ips 

l «^^*' toe ^t?^i^. buffer and then incubated 
W ere then washed three times w«h 3 tfWOr^-fl-. »* 

with a U1000 dilution of alkaline Phospha «. S* ^ ^ ^ 

anti-mouse immunog lobulin or *£ZX commercially available from 

Kirlegaar and Perry. Kesuiw 
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„ ~ en in Fie 4 monoclones 13H8 and 5B3 were able to react 
As can be seen in rig. « iuuw ' mK . r -.f t v P 

wi ,h ,11 of*e iso.a,es tested. Similar ^ ™. ^1'^^ 
.nonodonal antibodies to gp.20 previous!, described In 
libody, 6D8. was found .0 reac, with all isolates tested. 

To explore .he potential that these monoclonal antibodies could be 
To explore P immonotoxin conjugates, the ability of 

coupled to cytotoxic agents and used as .mm ^ ^ 

the se antibodies ^ T ° «~» ta " h " her 

contains high levels o ^an Wies to gp ^ present 

competitive binding assays were 

iris «e : :;rrre 

„hed. Normal human sera -J^^ Sera 
taction of sera from HIV-1 infecte . concentrations of purified 

iSTSr ^ r r a one-hour incubation, plates were 
washed and antibody detected with GAM-HRP. 

by antibodies in human sera, or that the co concen , ra ,ion 
mo „oclonal antibody to any given epitope ^ p0 , yd0Ml ser , 

.d/or affinity of antibodies are expected ,0 bind ,0 

rr^rrrtre of u — — - — - 

Rec ombinant cell culture -^^^^25 
undipped HIV en* PO^es (in this optimization 
free of clipped gP l20 fragments. Current pproaches o c ^_ 
are found in Mather, Methods in Enzymolo g y, vol. 185, chap 
577 (1990), specifically incorporated by reference. 
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used for the production of the ™ n0 5 cells/ml mi gr „wn in 

spinner culture was initiated a. appro™ a«» 3^> ^ 

,. 5 U ,ers of seiective ~ £ ^ 

feta, bovine serum, and 3. m. o * m aKly 40 . 50 

magnetic stirrer m a J7< (30 4, C, ^ x cells/ml 

four days, the culture reached a densrty of PP ^ 
(approximately 98% viability). Approxtn, MO- .0 ^ ^ 

« placed in roUer botttes «^ " peed 0 f approximate!, 0.3 

„efore. Roller b o...es were ^ " "^.'^ E ag.e-s medium or 
rpra , a. 37-C (36-40-C) for four commerckUy available media 

H3m ' S s"- - fOT ~— ° f reCOmbinant 

d pIoX s:V:c^Ce.,,HanaBio 1 o g icaUCHO medium,. 

After four days, the ^^"Z^*" 
bottt es, and the bottles were ^ J^exate as above, and 
non-selective medium contanung h.gh glucose 8/ ' 

I% f et a, bovine serum. * is ^'^T^^Z approximate* 0-3 
„ performed in .ow serum ^ ^ gassedwith 

percent serum, and more preferably perce . ^ then 

p,aced on roller racks at approxtmately 0.3 rpm and 

m edia in the roller bottles was poure ' J um azide was added, 

micI „n Millipore and ™ ^^%Z£™>* « 

and the harvest was stored at 2-8 C A ^ ^ fw an 

nested materia, were ^^.-^^2 
using affinity chromatography as ^ c ^e, permeation chromatography 

^ ^::-nr^c»:oma,og raphyCHlOaccordingtostandard 

protocols as described above. 
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Purifica.ion procedures utilize .he monoc.or.al a„«bod.es drsc^d 
above, particularly .0F6. 6E10, .0D8 and MG5, coupled «o g ,ycero.-coa,«d 
con.r U«l pore grass were also performed using published procedures. 
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